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I . INTRODUCTION 
Agricultural production economics is concerned mainly 
with the problems of allocating resources which are scarce . 
The main concern therefore is decision making about choice 
between a l ternative uses of scarce agricultural resources, 
so that economic efficiency be attained and maximum profit 
realized . These goals are important not only to the economic 
unit , but a l so to the welfare of the society where the in-
dividual unit resides. 
One o f the most important purposes of studying agri -
cultural production economics as a practical science is to 
inform or guide one on how to manage the resources of the 
economic organization , regardless of whether it is private 
or public, as the parameters involved in farming vary. When 
an agricultural economist fail s to ans wer the practical ques-
tions which face farmers or resource administrators , he may 
be of little value to the society . What is needed is re-
search f or solving the problems which are relevant at hand 
or for economic development. In fact , Heady ( 30) indicates 
that "The productivity of resources used by the publ ic to 
produce and increase the supply of technical knowledge for 
farming stands to be greatest in less developed countries 
when invested in applied rather than in pure or fundamental 
research". He explains that "A less developed country can 
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import knowledge of fundamental or pure research produced 
in other countries at little or no cost". Further he points 
out , "While fundamental research basically has the same ap-
plication in all world regions, applied research does not 
have equal international applicability". However , imported 
research wi l l not be very useful unless it is applied to the 
speci f ic use for which it is created, as witnessed in the 
following exampl e . 
In J anuary of 1964 , prices of all chemical fertilizers 
were increased by as much as 80 percent due to the deval uation 
of t h e Korean currency . At t hat time, about 90 percent of 
the chemical nutrients we re being imported. Moreover , the 
shortage of fertilizer , especially in 1964 , made a black 
market possible where the farmers paid a price about 3 or 
4 times the official price . Faced with this unusual eco-
nomic situation , a serious question arose among the agri -
cultural specialists as well as farmers : Would it pay to 
apply , for example , nitrogen to barley as a form of side 
dressing? An economist could explain the principle of op-
portunity cost and predict that input levels of fertilizer 
would b e reduced, but no one knew by how much and, as a re-
s ult, the ext e nt to which production of crops would decline 
and reduce the nation ' s food supply . 
Meanwhile, the government persuaded t he farmers to re-
place nitrogen, which was imported and expensive , with home-
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made cheap compost. No indication was given as to the amount 
o f compost necessary to replace nitrogen so that the farmers 
might secure the former production level, neither were they 
informed of the least- cost combination of these inputs . 
These difficulties come about not because of the lack of 
fundamental research in economics , but because of failure 
to apply knowledge of economics to t h e problem at hand . 
Fertilizer experiments on various crops have been con-
ducted continuously since chemical fertilizer was introduced 
and recommendations have been based on these exper iments . 
More frequently the experimental design and statistical pro-
cedures used have indicated only whethe r mathematically sig-
nificant differences e xi st between the yield or output level 
of two or three discrete treatments or input leve l s . From 
these differences could be computed the relative profitability 
o f the few treatments or inputs . However , as Heady and Dillon 
(43, p . 2 ) point out, it was generally impossible to apply 
r e fined economic principles in determining the most profitable 
level of output and input, or the most profitable combination 
of inputs for a specific output , which are needed by farmers 
or resource administrators . 
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A. Objectives of the Study 
The primary objective of this study is to determine 
the most profitable fertilization rates and corresponding 
output l evels f or the selected crops: rice , barl ey , white 
and sweet potatoes, cotton and rape . This is an applica-
tion o f the production function study and the principles of 
profit maximization to agricultural production . One of the 
basic data , physical input- output relationships , needed for 
this purpose should have been given normally by agronomists 
or other physical scientists . However they fai l ed because , 
as Heady and Dillon (43, p . 3) indicate, 1) the scientists 
conducting the research often used criteria other than eco-
nomics in interpreting their findings and in making recom-
mendations to farmer s , 2) the statistical methods serving 
as a guide for research were only appropriate for discrete 
phenomena and point estimates , and 3) many physical scientists 
were not acquainted with production function concepts and the 
economic principles which define profit maximization or cost 
minimization . Nevertheless, these economic optimum input and 
output levels are extremely important for both the individual 
farmer ' s decision making and public decision making processes . 
For on e thing, the problems raised in the previous section 
can be handled within these frameworks . On the other hand, 
one cannot wait for an agronomist voluntarily to conduct an 
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experiment for getting data which are suitable for analyzing 
this optimality . Thus, another purpose of this study is to 
d emonstrate how the experimental data can be used for making 
f ertil izer recommendations and the related policy decisions , 
and to do that we want to show what the experimental design 
should be by conducting fertilizer experimentations , by de-
riving production functions from them , and by applying eco-
nomic principles to them . 
More specific objectives of this study can be stated as 
follows : 
1 . To estimate the optimum input and output l evel s . 
Among variable input items , nitrogen and compost have been 
chosen and examin ed for their economic optimum i nput levels 
at a given set of prices for the selected crops and the cor-
responding output levels determined. 
2 . To derive the marginal rates of factor substitution . 
It is widely believed that compost can affect the productivity 
of nitrogen , and that it can be substituted for nitrogen, or 
vice versa . Hence, we want to show not only the optimum in-
put level of one factor for the selected crops at different 
input l evel s of the other factor , but also the marginal rates 
of their s ubstitution for producing a given amount of a prod-
uct . The latter i s examined by means of iso-quant and iso-
c line concepts and provides the basic data for the l east- cost 
mixes of two fertilizer s . 
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3. To derive the static normative long-run factor 
demand and product supply functions . Now, the optimum in-
put and output levels change with corresponding changes in 
price levels of input and output. Thus we want to estimate 
what individual factor input levels, hence, product output 
levels, should be at various price l evels of factor or of 
product, that is , factor demand and product supply functions 
for individual products. These specify the state of economic 
idealization for profit maximization. But we require the 
demand quantity for each factor so as to secure the least 
cost combination with the other factor at the respectively 
specified price levels of them, in other words , the long-
run factor demand function . That is, the other factor is 
no longer fixed a s in the short-run factor demand function 
but is allowed to vary as its price changes. Therefore, we 
want to derive the long-run demand functions and the cor-
responding product supply functions, and their associated 
elasticities for the selected crops from the fertilizer ex-
perimental production functions. 
4 . To examine the optimal patterns of resource alloca-
tion between products . The optimum input and output levels 
also depend on the available amount of capital . The capital 
limitation touches the problems of resource a llocation be-
tween factors for a product as well as between products when 
a product is viewed as a component of over-all farm organiza-
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tion . As suming that a farmer is faced with capital limita-
tion , f or one reason or another , we want to demonstrate how 
the capital should be allocated to each facto r for each 
product , under a set of prices o f factor s and products , o r 
under a condition of varying prices of products . The same 
type o f resour ce allocation problem will be discussed a l so 
under the assumption of the total physical amount of each 
fertilizer r esource being limited . 
5 . To examine some fundamental relationships under-
lying f actor demand . In the constrained model above , the 
demand quantity for a factor for a product is now a function 
of prices of all factors involved in our production func-
tions and of all products considered in our model as well 
as a function of capital amount . Thus we want to illustrate 
how the factor demand would change as these parameters change, 
that is , own price and cross elasticities for factor demand 
in terms of each price of factors and produc ts, and the capi-
tal . Thereby we also want to show some fundame ntal economic 
relationships underlying the factor demand in terms of 
e lasticity . 
6 . To derive the long-run production functions , there-
by to estimate the gross marginal rates of ferti l izer substi -
tution for land , and examine the optimal pattern of l and and 
fertilizer a llocation between products . Up to t hi s point , 
we are principally concerned with a problem of fertilizer 
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allocation between crops with fixed land. However fertilizer 
can be substituted for land for producing a given amount of 
product . Hence we want to estimate the gross marginal rates 
of fertilizer substitution for land . To do so , we need to 
develop a long- run production function where land is incor-
porated in the fertilize r production function. Further the 
long-run production functions thus estimated for the selected 
crops are, in t urn , u sed to examine the optimal pattern of 
land and fertil izer resource allocation between crops . 
B. Source of Data 
This study originated in 1964 when the serious problems 
concerning fertilizer resource allocation came about . Nit-
rogen and compost as variable factors are applied to each of 
the selected crops to derive production s urfaces , iso-quants 
and iso-clines, and to e xamine the economic optima . These 
two factors have been chosen , in addition to the problems 
specified in the previou s section , because they are t h e 
largest single items in variable production costs . More 
than two factors require a large size experiment which, in 
turn , leads to difficulties in obtaining a homogeneous land 
area with limited research funds . In addition, some crops 
are not sensitive to other fertilize rs . 
The study contains six series and each has been reported 
individually as f o llowing : the first for rice (78) in 1964, 
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the second for barley (79) in 1965, the third for sweet 
potato (81 ) in 1966 , the fourth f or white potato (80) in 
1967 , the fifth for cotton (84) in 1967 , and the last f or 
rape (72) i n 1968 . The production functions presented in 
the six reports above will serve as the main sources of 
mater ial for the objectives of this discussion . 
The experimentations for rice (1964) and barley (1965 ) 
were conducted at the experiment farm, Chinju Agricultural 
College ; those for sweet potato (1965) and white potato 
(1966 ), at a private farm , Chin-Yang , Korea; and t hose for 
cotton (1966) and rape (1967) , at Mok-Po Branch Crop Ex-
perimen t Station , ORD, Korea . The last two experiments were 
carried out cooperatively by Mok-po Crop Experiment Station 
and Chinju Agricultural College . The above crops are listed 
in o rder of descending importance . They cover more than 80 
percent o f the total cultivated land in Korea. 
Nitrogen in the form of arrunonium su l phate and compost , 
which was produced by the respective farms, were applied to 
each crop while P2o5 , K2o, seed, labor, chemicals, irrigation 
water , and other inputs were h eld constant , excepting the 
variabl e quantities of labor for application of fertilizer 
and harves ting . The quantities of the fixed factors might 
be said to be the physical optimum input l evel s which the 
standard text book indicates . However we tried to approxi-
mate other farming practices, for exampl e , seeding time , 
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plowing method, or other biological technologies to those 
with which farmers were already familiar . We had tested 
neither the ingredients of the compost nor the residuals of 
fertilizer in the soil of any plot in the study before these 
experimentations . 
The experiment design for each crop was two-factorial 
with two replications and with completely randomized plots. 
The numbers of input levels were 6 or 7 with an interval of 
2 kilograms per lOa for nitrogen and 6 with an interval of 
300 kilograms per lOa for compost . 
Barley, white potato, and cotton were seeded directly 
on the experimental plots while rice , sweet potato and rape 
were transplanted as most farmers do. Consequently the 
specified fertilizer input levels for the former three crops 
are related to the whole growing period whereas those for 
the latter three indicate their application after trans-
planting , that is, the applied fertilizer during growing 
period in seed- bed was not considered in this study . 
It happened that the soil or land condition for every 
crop experiment was, on the whole, very suitabl e for the 
respective crops in terms of the agronomic viewpoint . There 
was no particular reason that those soils had been chosen 
except consideration of the experiment costs , that is, we 
were not required dir ectly to pay rent or services of durable 
capital jtems on those farms . The rice experiment was, of 
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course , carried out on well-irrigated paddy land. This was 
the reason the resultant yield was comparatively high, despite 
t he extreme drought during the growing season . Barley , white 
potato and rape were also grown on the paddy land but off-
season of rice production, that is, they were planted as 
supplementary products of rice in terms o f land use, as 
mostly farmers do in the southern part of Korea . However 
sweet potato and cotton were produced on the typical up-land. 
It would be worth while to note the over-all weather con-
ditions concerned with each experiment which might be expected 
to affect the respons e of crop yield to fertilizer. It was 
extremely good for rice , at l east on the well-irrigated land 
in 1964 , and for barley in 1965 , despite rainy weather in the 
early production season , because the rest of the season was 
ideal for barley . Thus the responses might be interpreted to 
be the highest ones , respectively, as far as the current pro-
duction technology has been assumed . On the other hand, the 
weather was not good for sweet potato in 1965 and white po-
tato in 1966 , due to a drought in the earl y season of pro-
duction and to rainy weather in the middle season for both 
crops . Therefore their responses might be called below the 
average . The responses of cotton and rape could be said to 
be the average, because of the normal weather conditions in 
1966 and 1967 production seasons, respectively . 
The result of each experiment was measured in terms of 
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weight (Kg/lOa) of unpolished or unprocessed product . The 
by- products such as straw or residuals of fertilizer were not 
taken into account in evaluating the results of experiments . 
c . Purposes of the Study 
The optimum input and output and the least cost com-
binations o f two factors for each crop were already pre-
sented in the respective reports as indicated in the pre-
vious section . Thus this study, as a last and summary report 
of this fertilizer experimental production function study, 
is intended to integrate those experiments, to devote par-
ticular emphasis to items 3 , 4, 5 and 6 in the section of 
objectives of the study , and to develop the needed mathe-
matical models . The application of the results intends 
l . To h e lp farmers make decisions , thereby to 
facilitate achievement of resource allocative 
efficiency. 
2 . To give some guidance for the resource administrator 
in making the needed policies, thereby to stimulate 
economic development. 
3 . To illustrate the importance of the e xperimental 
data and production function study, and their use 
in applying economic principles for getting the 
basic materials of recommendations to farmers, 
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thereby to encourage more researchers to par-
ticipate in production function studies . 
4. To use teaching materials at a college level . 
D. Assumptions 
Throughout this study, the following assumptions were 
made for simplicity and to limit the scope of the study to 
a computationally acceptable s ize . 
1. Perfect Knowledge . 
The farmer knows exactly the relationship between 
input and output without error, that is to say, 
there are no problems concerned with uncertainty 
or risk due to weather conditions or other dynamic 
aspects . The input-output relationships are exactly 
the same as the production functions state . 
2 . Perfect Competition . 
The prices for factors and products are not affected 
by the individual farmers' behavior . 
3 . Profit Maximization . 
The motive for farming i s to maximize prof it , there-
fore , no considerations are made for self-production, 
or the government's effort to produce more starch 
food, or other behavioral restraints. 
4 . Compost has a certain price, in other words, its 
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opportunity cost , although this is not its market 
p r ice . 
5 . The crops avai l abl e for farm production are limited 
to t h e six c r ops presented . 
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II . REVIEW OF LITERATURE 
A. Production Function Studies 
Since production functions are considered a basic tool 
in farm management, most helpful in expressing the inter-
relationship of input var iables upon output , and necessary 
in construct ing economic models to assist individual farmer 
or agricultural resource administrator by indicating pos-
sible direction of adjustment for economic development, a 
great deal of empirical research concerning production func-
tions has been presented, large ly since the 1940 1 s . However, 
there are at least three varieties of production function 
studies from the stand point of source of data: the cross 
sectional, the historical or time series and the experimental 
data . 
1. Production function studies based on farm records 
Even production function studies based on farm record 
survey or cross sectional data do not have unique purposes 
regardless of whether the dependent variables are gross farm 
revenues or receipts from an individual product . Tintner 
and Brownlee (10 2 ) and Heady (32, 33) have mainly aimed at 
d e riving the production coefficients and the marginal 
productivities of individual resources or a group of resources 
involved in the model. Production functions have also been 
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used to examine the nature of retunrs to scale by Heady as 
has been shown in 32 , 33 , and 35 . In Equation 2 .1 the sum 
of regression coefficients shows the returns to scale, 
v = 2 . 1 
since the production elasticity coefficient is equal to its 
regression coefficient, bi ' in this particular model . In 
other words, Eb. = 1 implies constant returns to scale, 
l 
l:bi < 1 decreasing r eturns and l:bi > 1 increasing returns . 
In turn , this production function has been used to com-
pare the pr oductivities of resources among enterprises or 
regions and to e xamine the condition of equilibr ium, by 
Heady and hi s co-workers (37, 56 ). In fact, marginal value 
productivities computed at the mean value of resource from 
Equation 2 .1 
I ( - bl - b2 x-b3) av ax. = b.x. aX. x 2 3 l l l 1. = Cb . / x . > v 1. l 2 . 2 
can serve to indicate whether the particular resource use, 
Xi ' is in equilibrium by comparing it with its price . The 
equi librium quantity, derived at mean values of all other 
inputs is 
x . = 
1. 
- 1 
biV pi 2 . 3 
For equilibrium to hold, this Equation 2 . 3 should hold among 
enterprises , f arms and regions . The ratio of the marginal 
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value product of resources to their prices should be equal 
among them alternatively . 
Factor share or imputation has long been discussed 
among economists for examining the efficient use of resources 
or the justness of product distribution. The production 
function can serve also for this purpose as Heady (29, 34) 
has s h own . The criteria come from the equilibrium condition 
above . Since in equilibrium the marginal value product is 
equal to its price, the factor share should amount to the 
product of MVP times the amount of resource used. This 
condition , however, can hold only when constant returns to 
scale prevail , as Heady (36) has illustrated . In fact, this 
sort of production function study can solve many practical 
problems which are relevant to our social goals . For ex-
ample , Baker and Irwin (2) discuss the loan limit for various 
capital items which is derived from their productivities , 
and Headley and Ruttan (21) use the model of the aggregate 
production function based on regional data for examining 
the impact of irrigation development on the growth of farm 
output . 
In spite of the variety of purposes for deriving the 
production functions based on farm samples, one thing that 
is usually common to them is that they utilized the power 
or so- call ed Cobb-Douglas type of function . Tintner (101) 
explains the reason; it gives immediately production elas-
18 
ticities , it could permit the phenomena of decreasing mar-
ginal returns , and so on . Nevertheless, Heady and Dillon 
(43, p . 67 -69) point out that this form of production func-
tion is not very appropriate for the purpose of practical 
application because of its assumption of constant elas-
ticities and general overestimation of equilibrium input 
levels . 
2 . Production function studies based on experimental data 
An output level of the product is a function of resource 
inputs. Research on farm management has long been devoted 
to the discovery of such technical relationships . One of 
the classic examples is the studies by Spillman (98, 99) . 
In the earlier stage of these studies, their purposes, as-
suming decreasing p roductivity, were simply to find the 
optimum input and output levels , which were also subjected to 
market phenomenon . Later, the pioneering works of Heady, 
Pesek and their associates ( 6 , 10, 89) developed production 
surface, iso-quant and iso-cline equations . They also suc-
ceeded in deriving the product supply and resource demand 
function from the production function (51, 104) . 
The theories developed above can be applied to a share-
rent farmer as well, with a given restriction to equate his 
share of marginal value product and the proportion of input 
price which he must pay 
or 
= r P. 1 
aY/ax. = r /s P. / P 
1 1 y 
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2 . 4a 
2 . 4b 
where s stands for his s hare of output , r for the proportion 
of input cost he pays, Pi for factor price and Py for product 
price . 
As Heady and Pesek and their associates (52, 90 ) have 
shown , the optimum input and output levels depend on the 
magnitudes of the coefficients involved in the production 
function , which vary, in turn, depending on the kinds and 
amount of other inputs which are fixed by nature , such as 
weather , location, soil , crop variety, farm practice and so 
on . As far as weather is concerned , Brown and Overson (5) 
concluded that an average production function derived for 
over 10 years in Oregon to determine the optimum fertilizer 
input in wheat production gives fairly good results when 
checked against the individual type of response functions 
that depend on the specific weather conditions . 
In spite of similarity in purposes of the production 
function studies , no unique form of the function has been 
established . Instead, Heady and his associates u sually 
present several forms together , which include the Cobb-
Douglas , quadratic,square root and 1 . 5 power forms. Heady 
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and Dillon (43) discuss the relative advantage and disad-
vantage of various kinds of algebraic forms of functions . 
In analyzing a fertilizer and yield relationship , Johnson 
(70) finds that the polynomial fits actual observation s 
much more closely in the range studied , as compared with 
power function (Y - a ( x + l) b) and Spillman function 
(Y = M - ARx) . However French (13) points out that, in his 
study , the Spillman type and square root forms were better 
fits to experimental data than the Cobb-Douglas or quadratic, 
(M ARX ) 
and he adds that the Gompertz function (Y = e - ) , 
which r eflects increasing yield at an increasing rate at 
the lower levels of input factor, was superior in fit , but 
economic estimates were more difficult to obtain . 1 
Almost all of the studies mentioned above are concerned 
with fertilizer production functions that are based on per 
unit of land, apart from the number of fertilizers . However, 
it is n eedless to say that any kind of resource , which has 
similar properties to f erti lizer , such as chemical s , irriga-
tion water , seeding rate, labor as a flow concept , and so 
on, can become an independent variable , separately or together 
1 The c l assical assumption of increasing-decreasing re-
turns can be reflected by 
Y = a + bX + cX.2 + ax3 
which is much easier to handle . 
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with others as Pesek and his associates (89) once included 
corn stands as a variable . 
However , these kinds of production functions can be 
said to be of the short- run nature since they are based on 
fixed acreage; that is , the most important resources in ag-
ricultural production, land and labor are assumed to be kept 
constant so that the functions are concerned with short- run 
decision making . Fortunately enough , a kind of long-run 
production function has been developed by Heady (28) which 
is derived fr om the short-run one , and has been used to ex-
amine the marginal rates of substitution of fertilizer for 
l and o r l abor . Kae, Lee , and Lee (72) once borrowed Heady's 
idea of the long-run production function to infer whether it 
woul d pay for the given amount of fertilizer to be spread 
over a variable number of acreage . 
Thus far we have reviewed the production function 
studies in the field of crop production . The same type of 
approach can be equally applicable to the livestock pro-
duction . Indeed, Jensen and his associates (6 6 , 67) have 
contributed to research by working on the relationship of 
milk production to feed intak e . Heady and his co- workers 
have also greatly developed the production functions in the 
field of animal husbandry for milk cows (31, 35) , for beef-
cattl e (54), for pork production (41, 61), for t urkey pro-
duction ( 38 ), and for broilers (39) . The forms of t he 
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functions they used are similar to those used in crop pro-
duction . In addition , a modified quadratic a nd Spillman 
functions are found . The main variable factors are grain 
and forage or corn and soybean oilmeal, but for milk cows, 
cow ability and the season of experimental period, and for 
beef- cattle , the temperature, have been taken into account 
as additional factor s in the models respectively . 
One problem common in all studies above is to deter mine 
the least-cost ration to produce a given amount of output , 
that is to say , the problem is to combine grain and forage 
for milk cows and beef-cattl e, and corn and soybean oilmeal 
for pork, turkey and broilers so as to minimize total cost 
2 . 5 
subject to 
y 2 . 6 
where TC is total cost, P. the factor prices , X. input levels 
1 1 
and Y a given output level . The other problem is to determine 
the optimum market weights for all products except milk cows . 
B. Demand Function Studies for Factors 
"One of the neglected areas in agricultural demand 
analysis has been the demand by farmers for inputs produced 
by non-farmers" (7) in spite of the fact t hat "while the 
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problems of agr iculture are directly those of commodity sup-
ply and price, basically they are problems of resource de-
mand and suppl y " (59, p . 2) . In fact , it is quite t rue t hat 
"almost all of the l arge increases in agricultural p r oduction 
have been associated with substantial increase in purchased 
farm inputs : fertilizer, machinery, seed , and oth ers " (17) . 
Furthermor e , Heady and Tweeten (59 , p . 13-19), who view the 
process of economic development to be characterized by tech-
nological change , capital accumulation and improvements in 
managerial and labor skills , point out that "improved tech-
nology introduces new and improved inputs which have high 
productivity relative to conventional resources" , and " these 
substitutions take place because the price declines and the 
productivity increases for inputs suppl ied from outside o f 
agriculture , relative to their counterpart supplied from 
within the industry ." Nevertheless , empirical research on 
factor demand is rare a s compared with r esearch on product sup-
p l y and on commodity demand , regardless of whether the re-
search is positive or normative . 
The positive approach to factor demand that is based on 
historical time series data embodies estimation of par ameters 
on the basis of the past response of farmers to c h anges in 
relevant economic variables . Griliches (17) discusses t h e 
demand for fertilizer, to test the hypothesis t hat a sub-
stantial increase in the use of fertilizer has come about 
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essentially as a response to a fall in the relative price 
of fertilizer, a fall both relative to product pri ces and 
other input prices, using the linear equation in the loga-
rithms of the variables . He uses a one-year distributed 
lag model to see what percent of the indicated adjustment 
is completed within one year . He (18) also discusses fer-
tilizers, tractors and hired labor demands, where he is 
interested in deriving the supply elasticity for farm products 
through a relationship such as shown in Equation 4 . 34 in 
Chapter 4, assuming that the marginal value productivity 
be equal to t h e factor price . He does not account for farm 
income as a factor affecting the factor demand , whereas 
cromarty (7) fits multiple linear models for tractor, ma-
chinery and truck demands and includes the income element 
and interest rates as additional factors . Heady and Yeh 
(62) include the income element as well as its one-year lag 
and income trend as factors for fertilizer demand , and employ 
four different models . Similar studies for fertilizer, hired 
labor, family l abor , machine ry equipment and operating input 
demands are found in the work of Heady and 'T'weeten (59, p . 
154-374). 
On the other hand, the normative approach describes 
what t h e factor demand would be for profit maximization . 
The demand f or fertilizer can be derived from the production 
function , budgeting procedure or linear programming . The 
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empirical research formalized, based on this approach , was 
initiated by Tweeten and Heady (104) with fertilizer pro-
duction functions , although the optimum input or output 
leve ls predicted at various price levels from the production 
function are the same as the schedule of the factor demand 
or of the product supply . They point out t hat "the approach 
is normative since the functions indicate what the suppl y 
and demand would be , based on production functions derived 
from fertilizer experiments if farmers maximized profit under 
the conditions where capital , institutional and behavioral 
restraints are unimportant", and "because farmers operate in 
a dynamic world in which prices and input-output relation-
ships are not known with certainty and because the physical 
conditions on farms do not entirely parallel experimental 
conditions, the static supply and demand elasticities in 
this study do not entirely parallel such quantities as they 
might be expressed in the market . Analysis of these dif-
ferences suggests that the elasticity estimates in the study 
represent t he upper boundary of the actual short-run supply 
and demand elasticities" . 
Tweeten and Heady (104) derived product supply and 
factor demand functions from fertilizer production functions, 
fir s t assuming that the other variable factor in the model 
is fixed at a given l evel of input, so that they named the 
functions t h e short-run supply and demand functions, although 
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they discussed the static long-run ones, too . However , 
Heady , Pesek and Rao (51 ) have compared the short- run es-
timates with the long-run ones where the other variable 
factor also varies , subject to its own price , to secure 
the least-cost combination . Hunter (65) discusses the feed 
demand and livestock supply functions from livestock pro-
duction functions along with the concept of the static long-
run, although he calls them the short-run functions , per-
haps because the size of animal her ds were fixed in the frame 
of his work . 
c . Supply Function Studies of Products 
Historically, the product supply studies have revolved 
largely around the hypothesis that either farmers are not 
price responsive and lack profit motivation, or the agri -
cultural supply function has an elasticity near zero, since 
the tendency of agricultural output has been observed to 
remain constant over business cycles . Many e xpla nations as 
to why the supply elasticity is low have been given , with 
the most plausible ones being found in Johnson's (68) work 
where the structure of factor markets , namely , relative farm 
prices is emphasized . Heady ( 24 , p . 675-681) takes into account, 
in addition to relative prices , t he nature of the producti on 
function . And Johnson (69) emphasizes the s alvage value 
hypothesis . 
27 
In the positive approach based on time series data , one 
of the examples of the aggregate farm supply function is 
given by Griliches' ( 20) use of a simpl e distributed lag model . 
Barker (3) discusses milk supply to test a hypothesis that the 
elastici ty of expansion under rising prices exceeds that of 
contraction under falling prices . Dean and Heady (8) used 
the positive approach, for hogs, to test the hypothesis that 
the supply elasticity has increased in recent years due to 
new techniques of production, similarly, Heady and Hayami 
(47) used the positive approach, for eggs, b roilers and 
turkeys . Heady and Rao (53) presented acreage response and 
production suppl y function for soybeans . 
Recently developed linear programming techniques have 
great l y contributed to product supply function studies in 
the nor mative sense (the so- called step supply function and 
the arc elasticity) through product price-variable program-
ming. Likewise , resource-variable programming or reso~rce 
price- variable prograrnming1 can serve to derive the factor 
demand function. Outstanding examples of studies of this 
sort are given by Ladd and Easley (77) for milk and cream 
at farm level, Krenz , Heady and Baumann (76) for f l uid milk 
1
Thi s programming is concerned with a variable resource 
and can be accomplished by setting up a buying activity for 
the resource in linear programming model . 
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at an area level, Ander sen and Heady (1) for milk and hogs 
at an a r ea level , and Kelley and Knight (74) for milk. 
The static normative supply function studies based on 
the production functions are mentioned in the previous sec-
tion where factor demand functions were discussed (51, 65 , 
104) . The author will use this static normative approach 
in this discussion. 
D. Multiple Product Studies 
According to Johnson (71), "The oldest methods of 
handling the problem of combination of enterprises on the 
individual farm are the comparative and the cost account 
methods" . "Foremost among the principles to be considered 
for our particular problem is the principle of comparative 
advantage and its corollary the law of first choice of 
areas. 'These furnish the basic setting for the choice of 
enterprises on individual farms in any area . " The main 
difficulty of this comparative advantage theory is, however, 
the assumption that the marginal rates of product substitu-
tion would be rather constant, which actually implies spec-
ialization in one product, depending on the physical pro-
duction possibility curve and price relationship between 
enterprises, as Heady (24 , p. 661) has pointed out. 
The relationship between enterprises can be competi-
tive , supplementary or complementary . However , these 
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relationships do not have meaning unless we have definitely 
specified them in terms of a certain resource use since two 
crops can be supplementary in use of land but competitive 
in use of fertilizer , for example . Moreover, the so-called 
complementary relation, for instance, between grain and hay 
production does not hold along t he whole range of the pro-
duction possibility curve as Heady and Jensen (49) have 
shown ; that is, the relation turns out finally to be com-
petitive beyond a certain level of production of hay . Like-
wise , Kae, Lee, and Lee (72) have illustrated that the 
range of supplementary relationship between summer and winter 
crops in terms of land use in Korea is different, depending 
on climate or farm technology . 
At any rate, the combination of enterprises within com-
plementary or supplementary regions is absolutely irrational, 
accordingly , the optimal production level of each product in 
terms of economic efficiency is definitely determined within 
the range of competition. It is widely recognized that the 
marginal rate of product substitution is increasing rather 
than constant, which implies, more or less, inevitably 
diversification . Thus the theory of product combination 
which says that the marginal rate of product substitution 
for every pairs of products should be equal to product price 
ratio inversely has been dominated based on general equilib-
rium theory as a welfare maximization criterion . 
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The empirical research on multiple product firm based 
on the production possibility curve which reflects the in-
creasing rate of product substitution can be found in Heady 
and Jensen ' s work (49) and Heady and Olson ' s (50) where two 
kinds of crops are examined: rotation of grain and hay . 
However , in the case of more than two crops , no empirical 
study has been found in the framework of production function 
study. Instead , the optimum combination of enterprises has 
been examined through budgeting and linear progranuning pro-
cedur es . The examples are Bowlen and Heady (4) , McKee , 
Heady and Scholl (87), Heady and Gilson (45), Ladd and 
Eas ley (77), Krenz, Heady and Baumann (7 6 ), Loftsgard, Heady 
and Howell (86) , Andersen and Heady (1), and Kelley and 
Knight (74) . 
Empirical study on the production pattern and resource 
allocation in different geographic areas or spatial compe-
tition has been done recently through linear progranuning as 
well as input-output analysis and transportation model, al-
though the author (82) once estimated the amounts of fer -
tilizer to be allocated to each region with Cobb- Douglas 
fun c tions . The examples of application of linear program-
ming arc Heady and Egbert (44), Randhawa and Heady (92), 
and Heady and Whit t l esey (60 ) . An example of non-linear 
programming application is given by He ady and Hall (46) . 
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The examples of input-output analys is are Heady and Carter 
(42), Schnittker and Heady (94), Peterson and Heady (91). 
He ady a nd Skold (57) present an example of application of 
spatial model to agricultural production. 
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III . PRODUCTION FUNCTIONS 
In this chapter are presented the specific forms and 
the coefficients of the production functions which have al -
ready appeared in the reports mentioned in Chapter l, 
and some modifications from the economic or statistical 
viewpoints f o r further analysis . For the purpose of de-
scribing the relationship between input and output, many 
types of functions have been developed and used in agri-
cultural production economics . In this study, however, 
two original forms are presented 
(3.1) 
Y = ax~ x~ (3 . 2) 
where Ys refers to the yield of crop (Kgs / lOa), x1 to nitro-
gen (Kgs / lOa) and x2 to compost (100Kgs/ 10a). But, in case 
of rape, the p r oduction functions presented are: 
( 3 • 3) 
(3.4) 
due to lack of significance of compost terms . 
However , in this study , the quadratic form of the func-
tion alone has been chosen and analyzed. The reason is that 
this form is most frequently used in research, because of its 
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ease in handling and , more important , this form reflects the 
l ogic involved in production more accurately than do the 
1 
others . The specific numerical functions are : 
Rice 
2 2 Y = 381 . 09 + 28 . 30X1 + 12 . 4 7X2 - 1 . 48X1 - . 58X2 - . 38X1 X2 
( 3 • 5) 
Barley 
2 2 Y = 94 . 36 + 20 .46X1 + 1 5 . 71X2 - l . 31X1 - . 67X2 + . 65X1x2 
( 3 . 6) 
White Potato 
2 2 Y = 820 . 93 + 201 . 44X1 + 69 . 29X2 - 9.90X1 - l . 94X2 + . 26X1x2 
( 3 . 7) 
Cotton 
( 3 . 8 ) 
Sweet Potato 
2 2 Y = 2, 289+ 23 . 65X1 + 1 3.34X2 - 2 . 08X1 _ . 22X2 
+ 3 . 40X
1
x
2 
Rape 
2 
Y = 102 . 4 3 + 12 . 77X1 - . 34Xl 
(3 . 9) 
(3 . 10) 
1
For a discussion of various properties of algebraic 
forms of production functions (Heady and Dillon (43)). 
34 
Table 3 . l. Values of R2 for one or two-variable nutrients 
and values of 
efficients 
Val ue Equation of R2 
3.5 . 971 
3 . 6 . 91 6 
3 . 7 . 535 
3 . 8 . 311 
3 . 9 . 611 
3 . 10 . 964 
a 0 < p < . 05 . 
b . 05 < P < . 50 . 
c 
p > . 50 . 
Value 
25 . 0Ba 
4.84a 
3 . 23a 
2 . 18a 
.sob 
5 . 07a 
t 
of 
for individual regression CO -
t for coefficients in order listed 
in equations 
14 . 14a 21 . 5la 10 . 83a 6 . 98a 
5. 57a 3 . 5la 4.03a 2 . 96a 
l.79b 3 . 45a l . 52b .16c 
1. 26b l.96b . Slb . 12c 
. 68b . 79b . 19c 2 . 23a 
2 . 80a 
Tabl e 3 .1 shows multiple determinant coefficients , R2 , 
and t val ues for t e sting the s ignificance of each regression 
coefficient in each equation above . The first orde r inte r-
action coefficients in white potato, Equatio n 3 . 7; and in 
cotton , Equation 3.8; and quadrati c coeffi c ient of compost, 
X~ , in sweet potato, Equation 3 . 9, are no t s ignificant even 
at 50 percent probability level . Moreover, in the latt er 
case , one of t h e second order conditions for the existence 
of maximum 
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> 0 
does not hold; that i s 
-2 . 08 3.40 
< 0 
3 . 40 - . 22 
because the interaction term is too large as compared to 
quadratic t e rms of both two factors . 
Thus, the quadratic function without an interaction 
term 
Y = a + bx1 + cx2 + axi + ex~ (3 .11) 
has b een fitt ed again to these three products. The esti-
mated equations are a s follows : 
White Potato 
2 2 
Y = 789.66 + 204.9SX
1 
+ 70.60X
2 
- 9.90X
1 -
l.94X
2 
(3 . 12) 
Cotton 
2 2 Y = 183.99 + 6 . 77x1 + l.94x2 - .s3x1 - . osx2 (3.13) 
Sweet Potato 
2 2 
Y = 2 ,161 . 23 + 49 . 14Xl + 30 . 36X
2 
- 2.08X
1 
- . 2 2X
2 
(3 . 14) 
As Table 3.2 shows, the quadrati c coefficient of compost, 
2 x2 , in Equation 3 .14 is sti ll non-s ignif icant even at 50 
percent leve l s o that finally, e liminating t h e compost 
Table 3 . 2. Val ues of 
values of 
efficients 
Val ue Equation of R2 
3 . 1 2 . 536 
3 .1 3 . 314 
3 .14 . 545 
a 0 < p < • 05 . 
b . 05 < P < . 50 . 
c p > • 50 . 
R2 
t 
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for two-variable nutrients and 
f or individual regression CO-
Value of t for coefficients in order 
listed in equations 
3 . 96a 2 . 05a 3.50a l . 54b 
2 . 49a l.43b 2 . 0lb . Slb 
l . 68b l . 57b . 75b . 18c 
factor , the f o r m o f Equation 3 . 3 has been derived for it as 
follows : 
2 Y = 2 , 370 . 77 + 49 . 14Xl - 2 .08X1 (3.15) 
Now , R2 and t values for band c coefficients turn out .778, 
1 . 54 and . 68 , respectively, which are s i gnificant at 50 per-
cent level , narrowly . 
Finally, Equation 3 . 5 for rice, Equation 3 . 6 for barley , 
Equation 3 . 1 2 for white potato , Equation 3 . 13 for cotton , 
Equation 3 .15 f o r sweet potato and Equation 3 . 10 for rape 
will serve to examine t h e objectives made in the previous 
chapter in this discussion . 
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The reason that an unusually l ower probability level , 50 
percent, has been chosen h ere r ests largely on the fact 
that getting control of e xpe rimentation in crop production 
is rat her difficult generally , which means a higher experi -
mental error could be anticipated . Compost coefficients or 
interaction terms appear to have lower values of t in Tables 
3 . 1 or 3.2 , whereas all coefficients of nitrogen except in 
the case of sweet potato are significant at l east at the 5 
percent level. This fact would stem mainly from the dif-
ficulty of producing absolutely homogeneous compost . Fur-
ther, it is believed that the residual effect of compost 
coul d exist over several years , so that interrelation be-
tween avai lable compost in residual form a nd amount of com-
post applied perhaps would neutralize the effect of different 
amount of its application . A survey which could separate 
the residual effect from the direct effect had not been 
designed previous to this experimentation, unfortunately . 
Anyhow, a word of warning must be given here in interpreting 
the nature of production coefficients of compost. That is, 
one s h ould not make a conclusion that compost would not have 
an effect on crop production s uch as revealed in sweet po-
tato or rape production function . The fault is rather on 
the side o f the experimenter who could not make experimental 
materials or environments homogeneous , or who had not adopted 
a design or experimental technique which would allow more 
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accuracy of experimental data, such as covariance analysis , or 
carry-o~·er effect design . 
Experiments are difficult to conduct in the case of 
crops such as sweet potato or white potato, because it is 
difficult to guarantee the uniformity of the seed or the 
plant to be transplante d , and the same diffi cul ty pertains 
t o t he measurement of the resultant yield . As r esults , the 
multiple determinant coefficients for other than rice and 
barley pr oduction functions turn out to be small compara-
tively . Those difficulties might be another possible reason 
for low values of ts in t h ose p roducts, a s well . 
All multiple correlation coefficients whi ch are square 
roots o f multiple determinant coefficients are significant 
at l east at 5 percent pr obability level . However, some of 
them are somewhat s mall to explain the y i e l d level by only 
pr oducti o n factors invo lved in the functions . Neverth eless 
the r eason that all of them are accepted here as data, or 
perhaps a nother reason for lower probability level set up 
above f or t tes t a nd trying to r e ject the conventional hy-
pothesis that r egression coefficients be equal to zero, i s 
t h at demand functions for factors which will be discu ssed 
l ater would seem to conform to the reality in the same l o -
cation whe r e those e xperiments were conducted , Lhough the 
case o f s weet potato seems to be a little bit underestimated 
by Equation 3 . 15. In f act, Equation 3 . 9 for s weet potato 
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might rather reflect the true relationship approximately, 
in the light of another experiment (Lee, 81) or of the 
experience of leading farmers . The physical maximum l evels 
of f ertil izers in sweet and white potato productions could 
be unusually high, depending on other factor levels such as 
plowing depth, new variety , planting season and so on , com-
pared with other food or fiber crops. 
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IV. MODEL CONSTRUCTION FOR FACTOR DEMAND 
AND PRODUCT SUPPLY 
Some assumptions needed for analyzing profit maximizing 
conditions have already been made, and the technical relation-
ship between resource input and product output which can be 
connected with the market phenomena of price for our ob-
jectives has also been g ive n in the previous chapters. 
Base d on this knowledge , in this chapter we will develop 
the mathe matical models for the so-cal l ed normative factor 
demand and product supply functions, and the associated 
elasticities . Indeed three different kinds of production 
functions (Equations 3 . 3 , 3 . 11 and 3 . 1) are involved as 
shown in the preceding chapter, although they all belong 
to the same mathematical category . Thus the mathematical 
formulas needed will be derived from each of these produc-
tion functions . However these models or formulas are based 
on the conditions of profit maximization. 
The first order condition of profit maximization is 
defined to equate the partial derivative of total profit 
with respect to factors involved with zero, that is, take 
two factor production function for instance, 
(4 . 1) 
where Y stands for output, X.s for inputs, P.s for their 
1 l 
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prices , respectively , P for product price and F for fixed y 
costs invol ved, we have 
or 
a YI ax . = P . /P 
l l y 
( 4 . 2) 
( 4 . 3) 
Second order conditions require that the principal minors 
of the relevant Hessian determinant alternate in sign; for 
example , for the two factor production function; 
> 0 (4 . 4) 
to guarantee that rr , profit, is diminishing with use of more 
of any single factor . 
A. The Case of One Variable Factor 
Production Function 
In the case of Equation 3 . 3, the fir s t order condition 
of profit maximization 
( 4 . 5) 
or 
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(4.6) 
As shown in the equations above, the existence or the amount 
of a ny fixed cost can easily be found not to be concerned 
with the optimum input level of the variable factor, at least 
in the short run. When we solve Equation 4 . 5 or 4 . 6 with 
respect to the variable factor, x1 , a static short run fac-
tor demand function is found: 
( 4. 7) 
This demand function defines the profit maximizing quantity 
of factor input level when the product price level is above 
the average total cost of the product . However, this demand 
function also indicates the loss-minimizing quantity of the 
factor input level when the product price level is below the 
average total cost but above the average variable cost. 
Now, let us consider a price elasticity equation for 
factor demand which tell s what percent of factor demand would 
be changed , associated with one percent change in factor 
price . As it has been defined as the derivative of factor 
demand with respect to its price times ratio of the price 
to amount demanded, it turns out, from Equation 4 .7 
(4.Ba) 
By eliminating and rearranging, we have 
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( 4 . Sb) 
which has usually a negative sign. 
The cross elasticity equation (ax1/aPY)·(py/ x 1 ) which 
specifies t he percent change in factor demand associated 
with percent change in the product price can be defined 
from Equation 4.7 
e = 1 , y 
By eliminating and rearranging, we have 
e 1 = -1/ (l - bP P1-
1 ) 
I y y 
(4 . 9a) 
(4.9b) 
which is exa ctly the same as the own price elasticity Equa-
tion 4.8b bu t opposite in sign . This fact comes about be-
cause of the demand factor being rather a function of price 
ratio P1/Py . 
Let us now derive the product supply function. The 
marginal cost function of product has been defined as a 
product s upply curve . Thus, what we have to do i s to derive 
the marginal cost curve; however , this can be done in such a 
way that t he production function is e xpressed in terms of the 
optimum quantity of factor input shown in Equation 4.7, be-
cause of the optimum output level of product being the 
counterpart of that of input level . By substituting Equation 
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4 . 7 into Equation 3 . 3, we have 
Y = a+ b(a - b) / 2c + c(a -b) 2 / (2c) 2 • (4 . lOa) 
By expanding and factoring it, finally we have 
Y = (a - b 2 / 4c) + (l/ 4c) (a ) 2 (4.lOb) 
where a = P1/ PY . But note the first term of the right side 
in Equation 4.lOb is equivalent to the technical maximum 
output level of product, corresponding to the technical 
maximum input level of factor , that is, 
aY/ax = b + 2cx1 = O . (4 . 11) 
Solving it for x
1
, we have the physical maximum input 
x1 = -b/2c . (4 . 12) 
By substituting Equation 4 . 12 into Equation 3 . 3, we have 
2 Y = a - b / 4c . (4.13) 
Let us define it Ym' and our supply function Ys' then Equa-
tion 4 . lOb turns out 
(4 . lOc) 
or 
(4 . lOd) 
Whe n we trace out the quantity Y against the product price s 
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level, this is nothing but conventional marginal cost curve 
as mentioned above . 
The price e lasticity equation of supply , 
e = ( a YI a P ) ( P / Y) y,y y y 
turn s out from our supply function, Equation 4 .lOd 
or 
e y , y 
e y , y 
1 
2c 
p 
y 
y 
s 
(4 .1 4a) 
(4 . 14b) 
And cross e l astici t y equation, ey ,l = ( aY/ oP1 ) · (P1 / Y) of 
s upp ly i s 
e = 
y ' 1 4 cP2 Y 
y s 
(4 . lSa) 
or 
(4 . lSb) 
which is nume rically equal to the own price elasticity o f 
s upply but opposite in sign . 
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B. The Case of Two-Variable Factor Production 
Function Wi t hout a n Interaction Term 
In this case, as shown in Equation 3 . 11, two factor s 
are independent so that the amount of o ne factor appl ication 
wil l not affect the optimum quantity of the other f actor . 
The technical maximum quantity of each factor is 
= -b/2d 
(4.16) 
Xz_ = - c/2e 
and is obtained by sol ving t h e parti a l derivatives of total 
product with respect to each factor setting to equal to zero 
each , that is 
0 
(4 . 17) 
= = 0 
By replacing p roduct-factor price ratios for zeros in Equa-
tion 4 . 17 , r espectively, and solving Xi ' demand function s 
can be derived such as 
= ( a b)/2d 
= ( ~ - c ) /2e 
( 4 . 18 a) 
( 4 . l 9a ) 
P.s are factor prices, re-
J. 
spectively , and P is product price . Note t ha t each demand y 
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fun ction is exactly the same form of that of one variable 
production function, the static short run demand function, 
in Equation 4 .7 if we express them 
= (4.18b ) 
= (4 .19b) 
Nevertheless , these quantities X . are the least- cost 
1 
combination each another which requires 
(4.20) 
In other words , the marginal rate of factor substitution 
must be equal to the price ratio inverse ly. By our specific 
production function , Equation 3 . 11, the equation of substitu-
tion rates , Equation 4 . 20 becomes 
(4 . 21) 
and it a l ways equal s to the relative price, P
2
/P
1
, as far 
as the following relationships 
= 
(4 . 22) 
= 
hold whatever P1 and P2 are . 
Price e l asticity equations of factor demands, x
1 
and x
2
, 
are , following the same process we did in Equation 4 . 8 , 
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= (4 . 23) 
= (4 . 24) 
cross elasticity equations of factor demands, x1 and x2 , with 
respect to product price are 
e = 1,y (4 . 25) 
e = 2 , y (4 . 26) 
Cross elasticity equations of factor demands with respect to 
the other factor price are both zero, in this particular 
form of production function, e
112 
= 0 and e
2 11 
= 0 . Ac-
cordingly , note that the following equations hold, as Heady 
and Tweeten (59 , p . 52-54) have shown : 
L:e1 . I 1 
L:e2 . I 1 
= 
= 
e l , y 
e 2,y 
(4 . 27) 
(4 . 28) 
Next , it i s in order to derive the s upply function. By 
subs ti tu ting Equation 4 . 16 into Equation 3 . 11, we have the 
physical maximum output of product, Y : m 
y = m 
2 2 
a-b/4d-c/4e (4 . 29) 
By replacing Equations 4 . 18 and 4 . 19 into Equation 3 . 11, 
and expanding and eliminating, we get the supply equation, 
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y . 
s' 
(4 . 30a) 
As the first term of the right hand side is exactly the same 
one that we call the phy sical max imum output level and denote 
Ym ' Equation 4 . 30 a reduces to 
or 
from 
or 
y 
s = 
y 
m + (a
2 /4d+p 2/4e ) 
y 
s = y m + (Pf /4d + P~/4e ) P~2 
The price e l asticity of supply , e y,y 
Equation 4 . 30c 
e - - 2 ( P 2
1
/4d + P 2
2
/4e } P - 3 (P /Y } y,y y y s 
e y , y 
(4.30b) 
(4.30c ) 
=- ( a YI P ) ( P /Y ) is , y y 
(4 . 3la} 
(4 . 3lb) 
Cross elasticity equations of suppl y with respect to P1 and 
P2 are 
e y,l 
e y,2 
Note t hat the sum of e 1 and e 2 
r educes to -e y , y , y , y 
(4 . 32) 
(4 . 33) 
On the other hand , Tweeten and Heady (104) have proved 
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that the supply elasticity is equal to the sum of the p roducts 
of cros s ela sticity of each factor demand with respect to 
product p rice and corresponding e lasticity of production as 
follows : 
e = L:ep. e. y I y :.i 1 , y 
(4 . 34) 
whe r e ~', i = (aY/axi) (Xi /Y ) and i goes 1 and 2 in this case . 
c . The Case of Two- Variable Factor Production 
Function with the First Order Interaction Term 
In this case, as shown in Equation 3 . 1, two factors are 
no t i ndependent in the sense that the optimum quantity of 
each factor, technical or economic , depends on t he amount of 
the other factor application level, apar t from technical co-
efficients involve d . The physical maximum quantity of e ach 
factor can be shown 
= (4 . 35) 
= (4 . 36 ) 
by solving for x 1 and x 2 the partial derivatives of total 
product with respect to x1 and x2 and setting equal to zeros , 
respectively . Likewise , the demand function for each factor 
can be obtained when we solve for x1 and x 2 , the partial 
derivatives of profit Equation 4 . 1, with r e spect to x1 a nd x 2 
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settin g to equal to zer o respectively . That is 
= (4 . 37) 
= (a - b - 2dX1 ) If ( 4 . 38) 
where , once again , a = P1/Py , and ~ = P2/Py . However , each 
of these functions is of the static short- run nature in the 
sense t h at each depends on the other being a given amount , 
so that they are not entitled to secure the least- cost com-
bination except by chance . 
What is needed here is that quantities demanded or 
factor inputs should be such that the marginal rates of 
factor substitution be equal to their inverse price ratio , 
in other words , that Equation 4 . 20 should hold , which is the 
first order condition for minimizing cost . The second order 
condition requires that the bordered Hessian determinant be 
positive 
0 ( 4 • 39) 
0 
Returning to our l e a st-cost combination from a moment ' s di-
gression , quantities d emanded for two factors must be l aid 
on t h e l ocus o f an iso-cl ine equival ent to the price ratio , 
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final l y, which can be derived by solving Equation 4.20 in 
terms of one of two factor s : 
x1 = (yb-c) / (f +2yd) + ( f+2e ) / (f +2yd }(X2 ) (4 . 40) 
whe re y = P2/ P1 . In order for the factor demand function to 
have this property, all we h ave to do is, first of all, to 
s ubstitute Equation 4 . 40 into the total value production 
function which is defined a s Equation 3 . 1 multiplied by 
product price, Py ' differentiate it in terms of x2 , setting 
it equal to its price , P2 , and solve it for the factor, x2 . 
Then we will have the demand function for x 2 a s Heady and 
Tweeten (59, p . 50- 51) h a ve d e monstraLed , with the Cobb-
Douglas fun ction . 
Howeve r, with our p roduction function involved here, 
this procedur e will be so compli c ated t h at we will follow 
t he method whi c h Hunter has s hown (65 ), b y a slightl y dif -
f e r e nt procedure . That i s , by s ubsti t uting Equation 4 . 38 
into Equation 4 . 37 , we have 
= 
p - c - 2e (a - b - 2dX1) /f 
f (4 . 4la) 
a nd e xpanding , factorin g and r earranging , f inally we get 
f ( c - j) ) - 2 e ( l> - rt) 
4de - £ 2 
(4 . 4lb) 
If we substitute Equation 4 . 37 into Equation 4 . 38 and fo llow 
the same p rocess above, then we have 
53 
= 
f ( b - Ct ) - 2d ( c - ~ ) 
4de - f 2 
(4 . 42) 
This procedure is still complicated . In fact we can 
derive this nature of individual factor demand function by 
a more compact way as Tweeten and Heady (104) suggest, even 
in case of a more than two factor p r oduction function . How-
ever, take a two factor production function with an inter-
action term for instance once again . Differentiate the 
total p r ofit equation with respect to each factor , a nd set 
each equal to zero , that is 
a7r /ax1 = Py (b + 2dXl + fX2 ) pl = 0 
a7r/ax2 = Py(c + 2eX2 + fX1 ) - p2 = 0 
If we rearrange them in terms of matric notation , for sim-
[
2d f] l x1 ] 
f 2e x
2 
= 
[
- b + al 
- c + p 
Solve this matric for x1 and x2 , then they are exactly the 
s ame as Equations 4.4lb and 4 . 42, respectively . 
These demand functions can be call ed slatic long-run, 
in the sen se that two factors are subject to their prices 
simultaneously whereas, in the case of Equations 4 . 35 - 4 . 36 , 
the other factor input level is fixed in nature, s o that the 
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one adjusts to its pr ice l evel under the restriction where 
the other is given , for the purpose of profit maximization . 
The p r ice elasticity equation corresponding to e ach 
factor demand function , Equations 4.41 and 4.42 i s 
2ea -1 
el,l = f 2 xl 4de -
(4 . 43a) 
or 
el,l 
2e P1/ Py -l = x 
4de - t 2 1 
(4.43b ) 
and 
2e~ -1 
e2,2 = f 2 x2 4de -
(4 . 44a) 
or 
2eP 2/Py -1 
e2 ,2 = x2 
4de - f 2 
(4 . 44b) 
The cross elasticity equation of factor demand with respect 
to the other factor price for each factor is 
= 
f ~ - 1 
4de - f 2 
xl (4 . 45) 
f a -1 
4de - f 2 
x2 = (4.46) 
and those with respect to product price are 
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f ~ - 2ea -1 
e = xl l,y 
4de - f 2 
(4 . 47) 
f a - 2d~ x-1 e = 
f 2 2 , y 4de 
2 
-
(4 .48) 
Note that Equations 4 . 43 and 4 . 45 are e qual to Equation 4 . 47, 
a nd Equations 4 . 44 and 4 . 46 are equ a l to Equation 4 . 48 but 
oppos i te in s ign, respectively , as we have seen in t h e pre-
vious section 
2:el . = 
I l 
e l,y 
(4 . 49) 
2:e2 . = 
I l 
- e 2 , y 
Next, let us discuss t h e derivation of the product sup-
p ly functi o n . Let u s define the physical maximum output of 
product , first o f all, for convenience . To p r ovide this 
q ua ntity, solve t he f o llowing equations s imu l taneously with 
the partial derivatives of production function wi th r espect 
to each f actor set equal to zero respectively 
::: ::: 0 
::: = 0 
We h ave 
= (cf - 2be) /K (4 . 50) 
= (bf - 2cd) / K (4 . 51) 
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2 where K = ( 4de - f ) . In turn, when we replace these equa-
tions for x1 and x2 in our production function (3 . 1) , expand 
it, factor, or cancel if necessary, then we have the physical 
maximum output, Ym' as follows 
y 
m 
(4 . 52) 
which depends on only technical coefficients involved in our 
production function . By substituting factor demand Equations 
4 .41 and 4 .42 into Equation 3 . 1, expanding , factoring or 
cancelling, and denoting it Ys, we have 
or 
Ys = a+ (bcf - be - cd)/I< + (ea 2 + d~ 2 -fap ) /K 
y = s 
2 because K = 4de - f , a = P1 / Py and ~ = P 2/Py . 
The price elasticity equation for supply is 
e y,y = 
1 
y 
s 
(4.53a) 
(4 . 53b) 
(4.54) 
and the c ross supply elasticity equation for each factor 
price is 
e y , l 
2eP1 - fP 2 Pl 
(4de - f 2 )P~ ys (4 . 55) 
e y I 2 = 
2dP 2 - fpl 
(4de - f 2 )P 2 y 
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(4 . 56) 
Note that the sum of Equations 4 . 55 and 4 . 56 is equal to 
Equation 4 . 54 but opposite in sign 
e y , y (4 . 57) 
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V. EMPIRICAL DEMAND ANALYSIS 
Physical conditions of production are the foundation of 
factor demand , hence, product supply . With this proposition , 
Heady et a l. (51) and Tweeten and Heady (104) have developed 
a new approach to studies of factor demand and product suppl y 
functions , which is called normative since the function s indi-
cate what the supply demand would be based on production 
functions derived from fertilizer experiments if farmers 
maximized profits under conditions where capital , institu-
tional and behavioral restraints are unimportant . 
Fertilizer production function studies conducted under 
experimental conditions usually show the response in y i e l d 
per unit of land when various quantities or mixes of ferti-
lizer nutrients are applied per acreage, i . e . land is hel d 
constant while fertilizer is varied . Accordingly output is 
specified as a function of fertilizer alone, such as Equa-
tions 3 . 5 to 3.10 . What we are concerned with now in this 
chapter is to derive the demand functions and associated 
e lasticity equations for the factors which are involved in 
our production functions specified in Chapter 3, each of 
which is not only a function of the specified fertilizer, 
but also a function of the other parameters such as labor , 
chemical s , machinery service, irrigation water and so on . 
Thus, thjs kind of factor demand function is called s h ort-
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run since other items than fertilizer specified are supposed 
to be held constant. Nevertheless, the factor demand func-
tion such as Equations 4 . 41 or 4 . 42 is named the l ong- run in 
t hi s study because it is expressed as a function of its own 
price as well as the other factor price and t h e term is also 
designated to distinguish it from the demand function such 
as 4 . 7 which is only a function of its own price in nature . 
We are not concerned in this study with time dimension how 
farmers adjust to the price situation over a given t i me , so 
that the demand functi ons are call ed the static ones . 
Initially this study was intended to der i ve the static 
normative long- run factor demand functions, as defined above , 
for al l products , but our production functions for some crops 
were forced to be modified from the economic or statistical 
standpoints as discussed in Chapter 3 . Thus, f o r white po-
tato and cotton , the production function 3 . 1 was changed into 
Equation 3.111 and for sweet potato and rape, into Equation 
3 . 3 . And as a result, the demand functions for nitrogen and 
compost for rice, barley, white potato and cotton, which will 
be discussed hereafter, are of the long-run nature; whereas, 
the demand functions for nitrogen in the case of sweet potato 
1
The production function in Equation 3 . 11 is a function 
of two factors so that the demand function for each factor 
derived from it , Equations 4.18 and 4.19, is the l ong- run 
nature since each represents the leas t -cost combination with 
the other . 
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and rape belong to a category of the s h ort-run nature, and 
the demand function f or compost for these t wo crops i s not 
dllowed t o be derived , unfortunately . 
A. Demand Function for Ni trogen 
With the conceptual framework above , the derived demand 
functions for nitrogen (X1 ) from our respective production 
function s are 
Rice . 1155 P 2/ Py- .3527 P 1 / Py 
(5 . 1) 
Barley x
1 
= 12 . 1839 - . 2105 P 2/P y - . 4339 P 1 / Py 
( 5 . 2) 
W. Potato x
1
= 1 0 . 3510 - . 0505 P1 / Py 
( 5 . 3) 
Cotton x
1 
= 6 . 3868 - . 94 34 P1 / Py 
( 5 . 4) 
S . Potato x1 = 11 . 8 125 - . 2404 P1 / Py ( 5 . 5) 
Rape (5 . 6) 
of which nitrogen demand fun c tions for rice and barley are 
corresponding to Equation 4 . 41, those for whi te potato and 
cotton to Equation 4 . 1 8 , and the last two to Equation 4 . 7 , 
due to the differences i n nature of the production functions , 
whe re P1 (won/Kg) and P 2 (won/ l OOKgs) are on ce again per 
unit ni troge n and compost prices , respe~lively , and P (won/ y 
Kg) is per unit product price . 
Note, fir st of all, the difference o f t h e sign in t h e 
compost price coefficients in ni t roge n demand function s for 
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rice and barley in Equations 5 . 1 and 5 . 2 . The same phenomenon e x ists 
in compost demand functions which wi ll be shown in a later 
section . This difference is directly developed from the dif -
ference in the signs of interaction terms in our production 
funct i ons in Equations 3 . 5 and 3 . 6 . The former (the minus 
sign in production function) indicates that the productivity 
of nitrogen is decreasing along wi th the increase i n input 
level of compost, whi l e the latter shows that the productiv-
ity o f nitrogen increases toward the same direction of com-
post input level . Thus , a higher level of compost price or 
lowe r level of compost input causes the nitrogen demand func -
tion f or rice production to lie further to the right side, 
whereas that for barl ey is shifted to the l e ft. And the same 
l ogic is tru e in cases of compost productivities ; hence, 
demand functions in both productions . In other words , the 
optimum input l evels of two ferti l izers in rice production 
move towards the opposite direction from each other, whi l e 
in barley production the optimum input l evel s move in the 
same direc tion, when p rices are changing a nd no r estriction 
is being made . The s ame situation can be f ound in Figures 
7 . 3 and 7 . 4 in Chapter 7 . In the forme r case t wo factors 
may be called economic substitutes whe reas two factors in 
the latte r case may be called economic complements, accord-
ing to Heady (24 , p. 194-195 ). 
Next, Equations 5 .1-5 . 2 (or 5 . 7 - 5 . 8 ) are certainl y o f 
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the l ong -run nature, and Equations 5 . 5- 5 . 6 are of the short-
run nature as defined in this volume; however , the nature of 
Equations 5 . 3- 5 . 4 (or 5 . 9 - 5 . 10) is , more or less ambiguous 
since the algebraic form is just the same as t hat of the short-
run . On the other hand , they are definitely derived from 
the long - run nature production functions . 
The estimated d emand schedu l es for nitrogen from Equa-
tion 5 . 1-5 . 6 at various price l e vels of input and output are , 
respectively , shown in Table 5 . 1 for rice, in Table 5 . 2 for 
barley , in Table 5 . 3 for white potato, in Table 5 . 4 for cot-
ton , in Tabl e S . 5 for sweet potato, and in Table 5 . 6 for 
rape . The going price of nitrogen is 63 won per kilogram . 
For the convenience of comparison among them, Figure 5 . 1 has 
been prepared at the f o llowing prices, ex cept nitrogen, 
which are assumed to be 
Nitrogen 63 (won per Kilogram) 
Compost 70 (won per 100 Kilograms) 
Rice 35 (won per Kilogram ) 
Barley 25 (won per Kilogram) 
W. Potato 12 (won per Kilogram) 
Co tton 1 20 (won per Kilogram) 
S . Potato 8 (won per Kilogram) 
Rape 50 (won per Kilogram) 
t h e basic prices hereafter. It is easily found that the 
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Table 5.1 . Long-run static normative nitrogen demand fun c -
tions for rice (optimum nitrogen input level s , 
Kgs/lOa) , associated with six price combinations 
for rice and compost , estimated from Equation 
5 . 1 based on fertilizer production function 3 . 5 
Price combination for rice and compost 
Rice price 
(wo n/Kg ) 30 35 40 30 35 40 
Compost pri ce 
(won/ lOOKgs ) 70 70 70 100 100 100 
Nitrogen price Demand quantity (Kgs/lOa) (won/Kg) 
40 8 . 339 8 . 367 8 .389 8 . 454 8 . 466 8 . 476 
45 8 . 280 8 . 317 8 . 345 8 . 396 8 . 416 8 . 432 
50 8 . 22 1 8 . 266 8 . 301 8 . 33 7 8 . 365 8 . 388 
55 8 .162 8 . 216 8 . 257 8 . 278 8 . 315 8 . 344 
60 8 . 103 8 . 165 8 . 213 8 . 219 8 . 264 8 .300 
63 8 . 068 8 . 135 8 .18 7 8 . 184 8 . 234 8 . 273 
65 8 . 045 8 . 115 8 .169 8 .160 8 . 214 8 . 256 
70 7 . 986 8 . 064 8 . 125 8 . 101 8 . 163 8 . 21 2 
75 7 . 927 8 . 014 8 . 051 8 . 043 8 . 113 8 .167 
80 7 . 868 7 . 963 8 . 037 7 . 680 8 . 062 8 . 123 
85 7 . 809 7 . 913 7 . 993 7 . 925 8 . 012 8 . 079 
90 7 . 750 7.863 7 . 949 7 . 866 7 . 962 8 . 038 
95 7. 692 7 . 8 12 7 .9 04 7.807 7 . 922 7 . 991 
100 7 . 633 7.762 7 . 860 7.748 7.861 7.947 
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Table 5 .2 . Long-run static normative nitrogen demand func -
tions for barley (optimum nitrogen input l evel s , 
Kgs/ lOa) associated with six price combinations 
f or barley and compost , estimated from Equat ion 
5 . 2 , based on fertilizer production functi on 3 . 6 
Price combinati o n for barley and compost 
Barley price 
(won/ Kg) 20 25 30 20 25 30 
Compost price 
(won/lOOKgs) 70 70 70 100 100 100 
Nitrogen p rice 
(won/Kg) Demand quantity (Kgs/lOa) 
40 10 . 579 10 . 900 11 . 114 10 . 264 10 . 6 48 1 0 . 903 
45 10 . 471 10 . 814 11.042 10 . 155 10 . 561 10 . 831 
50 10 . 363 10 . 727 10 . 97 0 1 0 . 047 10 . 474 10 . 759 
55 10 . 254 10 . 640 10 . 897 9 . 938 10.387 10 . 687 
60 10 . 146 10 . 553 10 . 825 9 . 830 10 . 301 10 . 615 
63 10 . 081 10 . 501 10 . 782 9 . 765 10 . 249 10 . 57 1 
65 10 . 037 1 0 . 466 10 . 753 9 . 721 10 . 214 10 . 542 
70 9 . 929 10.380 10 . 680 9 . 613 10 . 127 10 . 470 
75 9 . 8 20 10 . 293 10. 608 9 . 504 1 0 . 0 40 10 . 398 
80 9 . 712 10 . 206 10 . 536 9 . 396 9.954 1 0 . 325 
85 9 . 6 03 10 . 119 10 . 463 9 . 288 9 . 867 10 . 253 
90 9 . 495 10 . 03 3 10 . 391 9 .179 9 . 780 10 . 18 1 
95 9 . 386 9 . 946 10 . 319 9 . 071 9 . 693 10 . 108 
100 9 . 278 9 . 878 10 . 263 8 . 962 9 . 626 10 . 036 
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Table 5 . 3 . Long-run static nor mative nitrogen demand func-
tions for white potato (optimum nitrogen input 
levels , Kgs/lOa) associated with six price l evel s 
for white potato, estimated from Equation 5 . 3 , 
based on f e rtilizer production function 3 . 1 2 
Nitrogen pri ce 
(won/Kg ) 
40 
45 
50 
55 
60 
63 
65 
70 
75 
80 
85 
90 
95 
100 
4 
9 . 8 46 
9 . 783 
9 . 720 
9 . 657 
9 . 593 
9 . 556 
9 . 530 
9 . 467 
9.404 
9 . 341 
9 . 278 
9 . 216 
9 . 152 
9.088 
Price of white potato (won/ Kg) 
8 8 10 1 2 14 
Demand q uantity (Kgs/lOa) 
1 0 . 014 10 . 098 1 0 . 149 10 . 183 10 . 207 
9 . 972 10 . 06 7 10 . 124 10 . 162 10 . 189 
9 . 930 10 . 03 5 10 . 098 10 . 141 10 . 171 
9 . 888 10 . 004 10 . 073 10 . 120 10 . 1 53 
9 . 846 9 . 972 10 . 048 10 . 098 10 . 135 
9 . 821 9 . 9 53 10 . 023 1 0 . 086 10 . 1 24 
9 . 804 9 . 941 10 . 023 10 . 086 10 . 11 7 
9 . 762 9 . 909 9 . 997 10 . 077 1 0 . 098 
9 . 720 9 . 8 78 9 . 9 72 10 . 056 10 . 080 
9 . 678 9 . 8 46 9 . 947 10 . 035 10 . 062 
9 . 636 9 . 814 9 . 922 10 . 014 10 . 044 
9.593 9 . 783 9 . 896 9 . 993 10 . 026 
9 . 551 9 . 751 9 . 866 9.972 10 . 008 
9 . 509 9.720 9 . 8 46 9 . 951 9 . 990 
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Table 5 . 4 . Long-run static normative nitrogen demand fun c -
tions for cotton (optimum nitrogen input l evels , 
Kgs / lOa) associated with six price levels for 
cotton , e s timated from Equation 5 . 4, based on 
fertilizer production function 3 . 13 
Nitrogen price 
(won/Kg ) 
40 
45 
50 
55 
6 0 
63 
6 5 
70 
75 
8 0 
85 
90 
95 
100 
60 
5 . 758 
5 . 679 
5.601 
5 . 522 
5 . 444 
5 . 396 
5 . 365 
5 . 286 
5 . 208 
5 . 129 
5 . 051 
4 . 972 
4 . 893 
4 . 815 
Price of cotton (won/ Kg) 
80 100 1 20 140 1 60 
Demand quantity (Kgs/lOa) 
5 . 915 6 . 010 6 . 073 6 . 117 6 . 151 
5 . 856 5 . 962 6 .033 6 . 084 6 . 122 
5 . 797 5 . 916 5 .994 6 . 050 6.092 
5 . 738 5 . 868 5 . 955 6 . 016 6 . 063 
5 . 679 5 . 821 5 . 915 5 . 983 6 . 033 
5 . 644 5 . 793 5 . 892 5 . 9 62 6.016 
5 . 620 5 . 774 5 . 876 5 . 949 6 . 004 
5.562 5 . 727 5 . 837 5 . 915 5.974 
5 . 503 5 . 679 5 . 797 5 . 882 5 . 945 
5 . 444 5 . 632 5.758 5 . 848 5 . 915 
5 . 385 5 . 585 5 . 719 5 . 814 5 . 886 
5 . 326 5 . 538 5 . 679 5 . 781 5 . 856 
5 . 267 5 . 491 5 . 640 5 . 757 5 . 827 
5 . 208 5 . 444 5 . 601 5 . 71 3 5 . 797 
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Tabl e S . S . Shor t - run static normative nitrogen demand func -
tions for sweet potato (optimum nitrogen input 
l evel s , Kgs/lOa ) associated with six price levels 
for sweet potato , estimated from Equation 5 . 5, 
based on fertilizer production function 3 . 15 
Nitrogen pri ce 
(won / Kg ) 
40 
4 5 
50 
55 
60 
63 
6S 
70 
75 
80 
85 
90 
9S 
100 
4 
9 . 409 
9 . 109 
8 . 808 
8 . 508 
8 . 207 
8 . 027 
7 . 907 
7 . 606 
7 . 306 
7 . 00S 
6 . 705 
6 . 404 
6 . 104 
5 . 803 
Price of sweet potato (won/Kg) 
6 8 10 12 14 
Demand quantity (Kgs/lOa) 
1 0 . 210 10 . 611 10 . 851 11 . 012 11 . 126 
1 0 . 01 0 10 . 461 10 . 731 10 . 912 11 . 040 
9 . 810 10 . 311 10 . 611 10 . 811 1 0 . 954 
9 . S09 10 . 160 10 . 491 10 . 711 10 . 869 
9 . 409 10 . 010 10.371 10 . 611 10 . 783 
9 . 289 9 . 920 10 . 299 10 . S5 1 10 . 731 
9 . 209 9 . 860 10.251 10 . 511 10 . 697 
9 . 009 9 . 710 10 . 130 10 . 411 10 . 611 
8 . 808 9 . 559 10 . 010 10 . 311 10 . 52S 
8 . 608 9 . 409 9 . 890 10 . 210 10 . 439 
8 . 408 9 . 259 9 . 770 10 . 110 10 . 354 
8 . 207 9 . 109 9 . 650 10 . 010 10 . 268 
8 . 007 8 . 958 9 . 529 9.910 10 . 182 
7 . 807 8 . 808 9 . 409 9 . 810 10 . 096 
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Table 5 . 6 . Short-run static normative nitrogen demand func-
tions for rape (optimum nitrogen input levels, 
Kgs/lOa) associated with five price levels for 
rape, estimated from Equation 5.6 , based on 
fertilizer productions function 3 . 10 
Nitrogen price 
(won/Kg) 
40 
45 
50 
55 
60 
63 
65 
70 
75 
80 
85 
90 
95 
100 
Price of rape (won/Kg) 
30 40 50 60 70 
Demand quantity (Kgs/lOa) 
1 6 . 818 17.308 17 . 603 17.799 17.939 
16.573 17.125 17 . 455 17.676 17.834 
16 . 328 16 . 941 17 . 308 17.554 17.729 
16 . 083 16 . 747 17 . 161 17 . 431 17 . 624 
15 . 838 16 . 573 17 . 014 17.308 17 . 518 
15 . 69 1 16 . 463 16.926 17 . 235 17 . 455 
15 . 593 16.389 16 . 869 17.186 17 . 413 
15. 348 16 . 205 16.720 17.063 17.308 
15 . 103 16 . 022 16 . 573 16 . 941 17 . 203 
14.857 15 . 838 16 . 426 16 . 818 17.098 
14 . 612 15 . 654 16.279 16 . 696 16.993 
14 . 367 15.470 16.132 16.573 16.888 
14.122 15 . 286 15.985 16.451 16 . 783 
13 . 877 15.103 15 . 838 16.328 16.678 
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quantities demanded for nitrogen are considerably different 
among crops; the demand for rape production amounts to , 
roughly speaking , three times that for cotton and two times 
that for rice, and those for white potato, sweet potato and 
barley are not very different each other and are about two 
times of that f or cotton. However there are some di fferences 
among the r elative quantities, depending on the price levels 
of nitrogen since the slope of each demand curve differs 
from the oth er , more or less . However , the quanti ties de-
manded for a crop, depending on the l evels of all prices 
indicated, do not vary much . The variation of nitrogen de-
mand for rice production i s .843 Kgs from 7 . 633 to 8 . 476 
per lOa or 11 . 04 percent , for barley 1 . 6 25 from 9 . 278 to 
10 . 903 or 17 . 51 percent, for white potato 1.119 from 9.088 
to 10 . 207 or 12 . 31 percent, for cotton 1 . 336 from 4.815 to 
6.151 or 27 . 75 percent, for sweet potato 5 . 323 f r om 5 . 803 
to 11.126 or 91 . 17 percent , and for rape 4 . 059 from 13 . 877 
to 17 . 930 or 29 . 27 percent , in terms of absolute value, 
according to Tables 5 . 1-5 . 6 . The lower figures correspond 
to the worst price situation and ~he higher figures to the 
most favori t e price situation, respectively, within the 
range specified in each table . 
Equations 5 . 7 - 5 .12 show the price elasticities for 
nitrogen demand in each crop production, corresponding to 
Equations 5 .1-5 . 6 , respectively, 
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Rice 
- 1.16 pl 
(5 . 7) 
el ,l -- 28.0894 p + . 38 p 2 - 1.16 pl y 
- 1.34 pl 
el ,l = 37 . 6279 . 65 P2 -l.34 pl 
(5 . 8) 
p -y 
Barley 
w. Potato e l,l = (1 - 204.95 Py/P1 ) 
-1 
( 5 . 9) 
- 1 
Cotton el,l = (1 - 6 . 77 Py/P1 ) (5 . 10) 
s . Potato el,l = fl - 49.14 Py/Pl) 
- 1 
(5 . 11) 
Rape e l,l = (1-12 . 77 
-1 
p y/Pl) ( 5 .12) 
of which the first two equations correspond to Equ ation 4 . 43 , 
the middle two, to Equation 4.2 3 , and the last two, to Equa-
tion 4. 8 , whe r e the subscriptions of e are designated to 
denote the own price elasticity and to distinguish from 
cross e lasticity, e . . or e . It is clear that the price 
l,J l,y 
elasticities for nitrogen demand are much l ess smaller than 
unity, r egardless of the kinds of crops and price l e ve ls of 
the factors and products examined here, generally speaking . 
The results are very consistent with t he conventional hypothe-
sis that t he demand elasticity f or agr icul tural production 
f actors is inelastic . Nevertheless , we see that there a r e 
some r elative differences among them, depending upon crops 
and price levels. Figure 5 . 2 s hows factor demand elastici-
ties and corresponds to Figur e 5 . 1 . The elasticity s chedules 
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a r e not p aralle l exactl y to the demand schedul es since , as 
matter of fact , t h e elasticity is d e termined by the slope -
slope effect- as wel l as its locatio n - base effect-. Ac-
cording to the figure , the e lasticity in white potato pro-
duction is not only very low, but also extremel y insensi tive 
with respect to nitrogen p rice , while that of sweet potato 
h as the highest position , as well as the most sensit i ve , 
among them, and the rest are medium and very simi l ar to 
each o ther in terms of position and s l ope . 
The c ross elasticities f or nitroge n demand , e 1 , 2 , with 
respect to compost price and , e
1 
, with r espect to product ,y 
prices have not been estimated here . For one thing, we are 
abl e to read them dire ctly or to inf er them indirectly from 
own price elasticity by means o f the homogeneity conditions1 
such as s hown in Equations 4. 8 , 4. 27 and 4 . 4.9 . 
B . Demand Function for Compost 
Simil arl y , the fitted compost demand equations are 
Rice 
Barley x2 - 17 . 6339 -
. 1155 P 1 / P y - . 8999 P 2 /P y 
( 5 .1 3 ) 
. 2105 P 1 /Py - . 8484 P 2/Py 
( 5 .14) 
1
Th e terminology has been borrowed from study in com-
modity demand analysis , according to Fri sch (14). 
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W. Potato x2 - 18 . 1958 - (5.15) 
Cotton (5 . 16) 
of which the first two correspond to Equation 4.42 and the 
last two , to Equation 4.19; and the associated e las ticity 
equations are 
Rice 
- 2 . 96 p2 
= 26 . 1 572 Py+ .38 P 1 - 2.96 P 2 
-2 . 62 p 
Barley e2,2 - 54 . 4592 Py - . 65 Pl - 2 . 62 P 2 
-1 
W. Potato e 2 , 2 = ( 1 - 68 . 29 P y/P 2 ) 
(5 . 17) 
(5 . 18) 
( 5 . 19) 
(5.20) 
The estimated demand schedules from Equations 5 .13-5 . 1 6 are 
s hown in Tabl es 5 . 7 - 5 . 10, respectively . For the purpose of 
comparison, Figures 5 . 3 and 5 .4 are presented at all basic 
p rices, other than compost price, as shown in the previous 
section of this chapter . The demand for compost as shown in 
Figure 5.3 i s not parallel to that of nitrogen in each c rop 
production; white potato r equi r es the l argest amount of com-
post, and cotton, which r equires t he smalles l amount of ni -
trogen, r equires more compost than nitrogen, compared with 
rice and barley . According to Figure 5 . 4, white potato has 
the smallest elasticity, as in the case of nitrogen use , 
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Table 5 . 7 Long- run static normative compost demand func-
tions for rice (optimum compost input levels , 
100Kgs/ 10a), associated with seven price com-
binations for rice and nitrogen, estimated from 
Equation 5 . 1 3 , based on fertilize r production 
function 3 . 5 
Price combination for rice and nitrogen 
Rice price 
(won/ Kg) 30 30 40 40 30 35 40 
Nitrogen price 
(won/ Kg) 40 80 40 80 63 63 63 
Compost price 
(won/ lOOKgs) Demand quantity (100Kgs/ 10a) 
50 6 . 606 6 .760 6 .943 7 . 059 6 . 69 5 6 . 875 7 . 01 0 
60 6 . 307 6 . 461 6 . 718 6 . 834 6 .395 6 . 618 6 . 785 
70 6 . 007 6 . 160 6 . 493 6 . 609 6 . 095 6 . 361 6 .560 
80 5 . 707 5 .860 6 .268 6.384 5 . 795 6 . 103 6 . 335 
90 5 . 407 5 . 561 6 . 043 6 . 159 5 . 49 5 5 . 846 6 . 110 
100 5 . 1 07 5 . 26 1 5 . 818 5 . 934 5 .195 5 . 589 5 . 885 
110 4 . 807 4.961 5 . 593 5 .709 4.895 5 . 332 5 . 660 
120 4 . 507 4 . 661 5.368 5 . 484 4.595 5 . 075 5 . 435 
130 4 . 207 4 . 361 5 .143 5 . 259 4.295 4 . 8 18 5 . 210 
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Table 5 . 8 . Long-run static normative compost demand func-
tions for barley (optimum compost input levels, 
100Kgs/10a), associated with seven price com-
binations for barley a nd nitrogen , estimated 
from Equation 5 . 14, based on fertilizer pro-
ducti on function 3 . 6 
Price combination for barley and nitrogen 
Barl ey p rice 
(won/Kg) 20 20 30 30 20 25 30 
Nitrogen price 
(won/Kg) 40 80 40 80 63 63 63 
Compost price 
(won/lOOKgs) Demand quantity (lOOKgs/lOa) 
50 15 . 08 14. 66 15 . 93 15 . 64 14 . 84 15 . 39 15 . 76 
60 1 4 . 65 14. 23 15 . 64 15.36 14 . 41 15 . 05 15.48 
70 14 . 23 13 . 81 1 5 . 36 15 . 08 13 . 99 14 . 71 15 . 20 
80 13 . 81 13 . 39 1 5 . 08 1 4 . 80 13 . 56 14 . 38 14 . 92 
90 1 3 . 38 13 . 17 14 . 78 14 . 51 13 . 14 14 . 04 14.63 
100 12 . 96 12 . 54 14 . 51 14.23 12 . 72 1 3 . 70 14 . 35 
110 1 2 . 53 12 . 11 14.23 13 . 95 12.29 13 . 36 14 . 07 
120 12 . 11 11.69 13 . 95 13 . 67 11.87 13 . 02 13 . 79 
130 11 . 69 11 . 26 1 3 . 66 13 . 38 11.44 12 . 68 13 . 50 
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Table 5 .9. Long- run static normative compost demand func-
tions for white potato (optimum compost input 
l evels, 100Kgs/10a), associated with six price 
levels f or white potato , e stimated from Equa-
tion 5 . 15, based on fertilizer production func-
tion 3 .1 2 
Compost p ri c e 
(won/l OOKgs ) 
50 
60 
70 
80 
90 
100 
110 
120 
130 
4 
14. 974 
1 4. 330 
1 3 . 686 
1 3 . 041 
12. 397 
11. 753 
11 . 108 
10 . 464 
9 . 820 
Price of white potato (won/ Kg) 
6 8 10 12 14 
Demand qu antity (100Kgs/10a) 
16 . 0 48 16 . 580 16 . 907 17 . 122 17 . 276 
15 . 619 16 . 263 16 . 650 16 . 907 17 . 091 
15 . 189 15 . 941 16 . 382 1 6 . 693 16 . 907 
14. 755 15 . 619 16 . 134 16.478 16 .723 
1 4 . 330 1 5 . 297 1 5 . 876 16 . 263 1 6 . 539 
1 3 . 900 14 . 974 15 . 619 16 . 048 16.355 
13 .471 14 . 652 15 . 361 15 . 834 16 . 171 
13 . 041 14 . 330 15 . 103 15 . 619 15 . 987 
12 . 612 14.008 14. 846 15 . 404 15 . 803 
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Table 5 . 10 . Long- run static normative compost demand func-
tions for cotton (optimum compost input levels , 
100Kgs/10a), associated with six price levels 
for cotton, estimated from Equation 5 .16 , based 
on f ertilizer production function 3.13 
Compost p rice 
(won/lOOKgs ) 
50 
60 
70 
80 
90 
100 
110 
120 
130 
60 
11 . 066 
9 . 400 
7 . 733 
6 . 066 
4.400 
2.733 
1 . 066 
Price of cotton (won/Kg) 
80 100 120 140 160 
Demand quantity (100Kgs/10a) 
13.150 14 . 400 15 . 233 15 . 839 16 . 275 
11.900 13 . 400 14 .400 1 5 . 114 15 . 650 
10 . 650 12.400 1 3 . 567 14 . 400 15.025 
9 . 400 11. 400 12.734 13 . 686 14.400 
8 . 150 10 . 400 11. 900 12.971 13 . 775 
6 . 900 9.400 11 . 067 12.257 13 .150 
5 . 650 8 .400 10 . 234 11 . 543 12 . 525 
4 . 400 7 . 400 9 . 400 10.829 11 . 900 
3 . 150 6 . 400 9 . 567 10 . 114 11. 275 
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while cotton has the largest elasticity and beyond about 
115 won per lOOKgs o f compost price, elasticities become 
elastic or greater than unity . Rice has more elastic 
elasticity than barley has , contrasted with the case of 
use of nitrogen . 
What is more important is that price elasticities for 
compost demand have generally large values, as compared with 
those for nitrogen over all, though either case is inelastic 
and there are differences among crops . Then, what is the 
implication of this phenomenon? To begin with, one must re-
call the facts that (a) compost is home-made so that it has 
only opportunity cost , not market price, (b) primary crop 
production has domin ated in Korea without combining with 
animal production , (c) the supply of chemical fertilizer is 
increasing , perhaps with cheaper prices and better quality 
r e latively, finally (d) opportunity cost for farm labor is 
ri sing gradually as job opportunities increase, due to urban-
ization and other sociologic changes . In fact, this argument 
is likely to lead to a conclusion that compost will be re-
placed by chemical f ertilizer increasingly through the effect 
of price and quality , in addition to the nature of the price 
elasticity , in the course of economic development which is , 
in turn , the very process of economic growth , as Heady has 
made clear ( 27). However, compost is believed, thus far, a 
necessary factor for most crop productions, emphasizing its 
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ability to provide minor nut rient e lements and to improve 
soi l condition such as capacity to contain moisture . If 
it is true that lack of compost application would result 
in an obstacle to maintaining soil productivity , in the 
agronomic point of view, this situation could be relieved 
by improving labor productivity in producing compost by 
means of improvement of wild grass resources or o f intro-
duction of livestock production into our farming, which 
commonly is based on land use . 
One thing to observe on compost use is that some 
agronomists suggest that the effect of compost on rice pro-
duction in the wet paddy land is negative or non-significant . 
However, this author believes that the conclusion may be dif-
ferent , depending on the type of experimental design or 
method of study , since the rice response to compost in-
creases ULtil about twelve units of its application at the 
lower level of nitrogen input, say , zero units . But the 
response is absolutely decreasing beyond s ix units at a 
higher l eve l of nitrogen, say , twelve units, as shown in 
t he first report of this study (78). Taking into account 
the fact that the wet paddy is likely to have relatively 
small capacity to consume either fertilizer , the classical 
one-factor-variable experiment design with all other factors 
at fixed input levels might give such a conclusion as did 
above . Secondly , a higher input l eve l of compost beyond a 
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certain amount encounters the law of decreasing return . 
This input level includes also what is called the residual 
effect . Therefore the conclusion may be affected by the 
type of design, depending on whether or not the design 
considers the carry- over effect. 
Likewise, the factor demand f unctions are likely to 
differ depending on weather condition, location, soi l , 
fixed i nput levels and farm technology unles s the production 
functions based on different conditions are shifted parallel , 
up or down , in a crop production. As a matter of fact, pro-
duction f unctions 3 . 5 and 3 . 6 were conducted on the same 
locat ion a nd soil but in different years and possibly based 
on different amount of the fixed inputs . Functions 3 . 7 and 
3 . 9 were based on the same location but different soil and 
years , and finally 3.8 and 3 . 10 on the same location but 
differen t soil and years , respectively, but each l ocation 
is also different. As far as there is no definite evidence 
that production fun ctions which are based on different ex-
perimental condi t..ions would move vertically in a crop pro-
duction, that is, only the term " a" in our production func-
tion would be affected by the different conditions , then our 
comparison in Figures 7 . 1-7.4 may not ceflect the realily 
pe rfectly . 
Though we have no empiric<31 data, regardless of pos1Livc 
or normat..1ve approach, t..o test. Che sic.nif.icance of our der~;;.nr. 
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equations and associated elasticity equations unfortunately, 
the results of this study seem to conform very well to our 
observation , comparing the relative magnitudes of f ertiliza-
tion for each crop at the same location, comparing fertilizer 
application practice when we have a large amount of it to the 
time when we have little , and comparing the location where 
plenty of compost is available to t he location where only 
small amount of it is allowed. 
Finally, assuming that farmers are able to purchase 
sufficient quantity of both fer tilizers at the going prices, 
the quantities specified in nitrogen and compost demand 
functions separately at given prices for a given p roduction 
are insured to secure the least-cost combination. It is 
also true that the demands for any factor for any pairs of 
productions are such that the corresponding output levels 
are indicated by the tangent point of iso- revenue line 
to the production possibility curve , by which Hicksian maxi -
mization conditions are certainly satisfied . However, in 
the former case, our assumption is not very plausible at 
least in the short-run, where in most cases the available 
amount of compost is actually fixed through the farmers' 
conventional behavior , the type of farming or t h e environ-
ment . Accordingly, it may be more useful to give the short-
run nitrogen demand functions where compost is assumed to be 
fixed at various levels. Nevertheless, these Jeast-cost 
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combination quantities should be beneficial to farmers since 
these figures can indicate what farmers should do, depending 
on opportunity cost of compost over the long-run . 
In surmnary, we have seen that there are some large dif-
ferences in demands for nitrogen and compost among crops, 
both in terms of absolute magnitude and elasticity . Gen-
eral ly, the elasticities for compost demand are larger than 
those for nitrogen, but in both cases the demands are very 
inelastic, far less than unity. Therefore, a conclusion 
may be made that the price policy or the related policies may 
not affect the factor demands, hence, the agricultural product 
s upply . However , it is perhaps qui te true in terms of eco-
nomic efficiency of resource use and the short-run . Taking 
into account the fact that the average expense for ch emical 
f ertilizc r amounts to 30 percent of the total cash outlay 
approximately, farm income is likely to be affected, to a 
large degree , by price policy. On the other hand, low input 
level of compost may influence fertility of the soil so that 
the term 11 a 11 in our production function equations may de-
crease over the long-run period of time due to lack of 
appropriate policy. 
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VI . EMPIRICAL SUPPLY ANALYSIS 
Based on the same logic underlying on the factor demand 
analysis , t he product supply function of each crop involved 
in this study will be discussed in this chapter . In fact , 
the optimum level of output is uniquely determined by the 
amounts of input levels which are also optimum ones, under 
certain conditions of weather, soil, farm practice , fixed 
input levels and so on. Ordinari ly a long-run supply func-
tion is defined as a product response curve which is subject 
to a ll factor prices as well a s the product price . Never-
theless, we s hall call i t the long-run when it is subject to 
two variable factors , besides the product price . Alternatively 
speaking, the supply function corresponding to the long-run 
factor demand functions will be called the long-run to dis-
tinguish it from the short-run one . Accordingly those of 
rice, barley, white potato and cotton are the long-run sup-
ply functions which will be presented in this chapter, whereas 
those of sweet potato and rape will be cal l ed the short-run 
s ince these are only subject to one factor price, nitrogen . 
But they a ll are static and normalivc as defined in the 
previous chapter . 
We have seen that a fac tor demand is expressed as a 
fun ction o f prices of factor s involved and product , a s well 
as coefficients of linear, quadratic and interaction terms, 
if any , of two factors in our production function. On the 
87 
other hand, the intercept term 11 a 11 in the production f unc-
tion does not contribute to the components of factor demand, 
or the as sociated elasticity equation . However, in the case 
of the product supply function , the constant term now be-
comes a component and affects signif icantly the position 
of the func tion, which i s likely to be affected, in nature , 
by the production conditions which are , in turn, supposed 
to be held constant. 
Thus , the derived supply funct ion of each product , Y , s 
is 
Rice 
Barley 
y = s 
y = s 
551. 51 - ( .1763 p2 + l 
357 . 52- ( . 2169 p2 + 
l 
. 4500 2 p 2 - .11 55 
.4 242 p2 + 2 . 21 05 
W. Potato Ys= 2,492 . 69 - ( . 0263 Pi+ . 1289 P2 )/P2 2 y 
Cotton y = s 224.4 3 - (.4 71 7 P1
2 + 5 .0000 P2 )/P2 
2 y 
S . Potato Y = 2 , 661 . 50 - (. 1202 P 2 ) /P 2 s 1 y 
Rape y = s 2 2 2 • 3 4 - ( . 7 3 5 3 Pi ) / P ~ 
2 
plp2)/Py 
(6 .1 ) 
2 
P1P2 ) /Py 
(6.2) 
( 6 . 3) 
(6.4) 
(6 . 5) 
( 6 . 6 ) 
o f which t he first two correspond to Equation 4 . 53 , t h e 
middle two to Equat ion 4.30, and t h e last two to Equation 
4 . 10, where Pi and Py are define d the same as in the previous 
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chapter. The estimated supply schedules are presented in 
Table 6 . 1 for rice production, in Table 6 . 2 for barley, 
Table 6 . 3 for white potato , Table 6 . 4 for cotton, Table 6 . 5 
for sweet potato, and Table 6 . 6 for rape, at various levels 
of factor prices . These tables indicate that variations be-
tween quantities supplied corresponding to the worst price 
situation to farmers and the most favorite price situation 
specified in the tables are 19 . 36 Kgs per lOa or 3 . 64 percent 
in rice production, 63 . 45 Kgs or 21.64 percent in barley , 
84 Kgs or 3 . 49 percent in white potato, 19 . 97 Kgs or 9 . 80 
percent in cotton , 119 Kgs or 4 . 68 percent in sweet potato 
and 4 . 48 Kgs or 2 . 05 percent in rape . These variations seem 
to be very small, but do not reveal anything about the price 
elasticity of product supply however. 
The same nature of the product supply can be seen in 
Figures 6 . 1-6 . 6 corresponding to Tables 6 . 1-6 . 6 respectively 
where the product supply functions have been shown graphically 
at the price o f nitrogen of 63 won per kilogram, for each 
product . Generally speaking, every supply schedule seems to 
have a very steep slope , in spite of any differences among 
them, though the supply curves cannot be compared directly 
each other because each has a different base, and the hori-
zontal scal es are not the same. Nevertheless, one thing that 
can be noticed easily is the difference between supply sched-
ules corresponding to a high level of compost price and a 
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Table 6 . 1. Long-run static normative rice supply functions 
(optimum rice output levels , Kgs/l Oa), associated 
with six price combinations for nitrogen and com-
post , estimated from Equation 6 .1, based on fer-
tilizer production function 3 . 5 
Price combination for nitrogen and compost 
Nitrogen price 
(won/Kg) 40 80 40 80 63 63 
Compost price 
(won/ lOOKgs) 70 70 100 100 70 100 
Rice price 
(won/Kg) Supply quantity (Kgs/lOa ) 
15 541 . 90 539 . 57 532 . 31 530 . 60 540 . 87 531 . 64 
20 546.10 544 . 79 5 40 . 71 539 . 75 545 . 52 540 . 33 
25 548 . 05 547 . 31 544 . 60 543 . 98 547 . 68 544 . 36 
30 549 . 11 548 . 53 546 . 71 546 . 28 548 . 85 546 . 54 
35 5 49 . 74 549 . 32 547 . 98 547 . 67 549 . 56 547 . 86 
40 550 . 16 5 49 . 73 548 . 81 548 .57 550 . 01 548 . 72 
4 5 550 . 44 550 . 18 549 . 38 549 . 19 550 . 33 549 . 30 
50 550 . 65 550 . 44 549 . 78 549 . 63 550 . 55 549 . 72 
55 550 . 80 550 . 62 550 . 08 549 . 96 550 . 72 550 . 03 
60 550 . 91 550 . 7b 550 . 31 550 . 20 550 . 85 550 . 27 
65 551. 00 550 . 87 550 . 49 550 . 40 550 . 94 550 . 45 
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Table 6 . 2 . Long-run static normative barley supply functions 
(optimum barley output levels, Kgs/lOa), associated 
with six price combinations for nitrogen and com-
post , estimated from Equation 6 . 2, based on fer -
tilizer production function 3 . 6 
Price combination for nitrogen and compost 
Nitrogen price 
(won/Kg) 40 80 40 80 63 63 
Compost price 
(won/ 100Kgs) 70 70 100 100 70 100 
Barley price 
(won/Kg ) Supply quantity (Kgs/lOa) 
10 327.37 311.06 303 . 21 284 . 38 318 . 84 293 . 23 
15 344 . 12 336 . 87 333 . 38 325.01 340 . 33 328 . 95 
20 349 . 98 345 . 91 343 . 94 339 . 24 347 . 85 340 . 85 
25 352 .70 350 .09 348 . 83 345 . 82 351 . 33 347 . 23 
30 354.17 352.36 351 .49 349 . 39 353 . 22 350 . 38 
35 355.06 353 . 73 353 .09 351.55 354 . 36 352 . 27 
40 355 . 64 365.62 35 4.13 352 . 95 355 . 10 353 . 50 
45 356 . 03 355 . 23 354 . 84 353 . 91 355 . 61 354 . 35 
50 356 . 31 355 . 66 355 . 35 354.59 355.97 354 . 95 
55 356 . 52 355 .98 355 . 73 355 .10 356 . 24 355 . 40 
60 356 . 68 356 . 23 356 . 01 355 . 49 356 . 45 355 . 73 
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Table 6 . 3 . Long-run static normative white potato supply 
functions (optimum white potato output levels, 
Kgs/lOa), associated with six price combinations 
for nitrogen and compost, estimated from Equa-
tion 6.3, based on fertilizer production function 
3.12 
Price combination for nitrogen and compost 
Nitrogen price 
(won/Kg) 40 
Compost price 
(won/100Kgs) 70 
W. Potato price 
(won/ Kg) 
4 2 ,451 
5 2,466 
6 2,474 
7 2,479 
8 2 ,482 
9 2 ,484 
10 2 ,486 
11 2,487 
12 2 ,488 
13 2 ,489 
14 2 ,489 
15 2 ,490 
80 40 80 63 63 
70 100 100 70 100 
Supply quantity (Kgs / lOa) 
2,443 2,410 2,402 2,447 2,406 
2,461 2 ,440 2,435 2,463 2,437 
2,471 2 ,456 2,452 2 ,47 2 2,454 
2,477 2,466 2,463 2,478 2,464 
2,480 2 ,47 2 2 ,470 2,481 2,471 
2 ,483 2,47 6 2,475 2,484 2,476 
2 ,485 2,479 2 , 478 2,485 2,479 
2,486 2,482 2,481 2,487 2,481 
2,487 2 ,483 2,483 2,488 2,483 
2,488 2,485 2 , 484 2,488 2,484 
2,489 2,486 2,485 2 ,489 2 , 486 
2 ,489 2 ,487 2,476 2,489 2,487 
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Table 6 .4. Long-run static normative cotton supply functions 
(optimum cotton output levels, Kgs/lOa) , associated 
with six price combinations for nitrogen and com-
post, estimated from Equation 6 . 4, based on fer-
tilizer production function 3 . 13 
Price combination for nitrogen and compost 
Nitrogen price 
(won/Kg) 40 80 40 80 6 3 63 
Compost price 
(won/100Kgs) 70 70 100 100 70 100 
Cotton price 
(won/Kg) Supply quantity (Kgs/lOa) 
50 214 . 33 213 . 42 204 . 13 203 . 22 213 . 88 203 . 68 
60 217 . 41 216 . 79 210 . 33 209.70 217 . 10 210 . 02 
70 219 . 28 218 . 81 214 .07 213.61 219 . 05 213 . 8 4 
80 220 . 48 220 . 13 216 . 50 216 . 16 220 . 31 21 6 . 32 
90 221. 31 221 . 03 218 . 16 217 . 88 221 . 17 218 . 03 
100 221. 90 221. 68 219.40 219 . 13 221 . 79 219 . 24 
110 222 . 3 4 222 . 16 220 . 24 220 . 05 222 . 25 220 . 14 
120 222 . 68 222 . 52 220 . 91 220.75 222 . 60 220 . 83 
130 222 . 94 222 . 80 221. 43 221. 29 222 . 87 221 . 36 
140 223 . 14 223 . 03 221 . 84 221 . 72 223 . 08 221. 78 
150 223 . 31 223 . 21 222 . 17 222 .07 223 . 26 222 . 12 
160 223 . 44 223 . 35 222 . 45 222.36 223 . 40 222 . 40 
170 223 . 56 223 . 48 222 . 67 222 . 60 223 . 20 222 . 64 
180 223 . 65 223 . 58 222 . 86 222 . 79 223 . 62 222 . 83 
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Table 6 . 5 . Sh o r t-run static normative sweet potato supply 
functions (optimum sweet potato output levels, 
Kgs/lOa) , associated with five price levels for 
nitrogen , estimated from Equation 6 . 5 , based on 
fertilizer production function 3 .15 
s . Potato price 
(won/Kg ) 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
1 5 
40 
2,613 
2,640 
2 , 650 
2 , 654 
2,656 
2 , 658 
2 , 659 
2,659 
2,660 
2,660 
2,660 
2,660 
2 , 661 
2,661 
Price of nitrogen (won/ Kg) 
60 80 100 63 
Supply quantity (Kgs/lOa) 
2 , 553 2 ,469 2,361 2 , 542 
2 , 613 2 , 576 2 , 528 2 , 609 
2 , 635 2 , 613 2,586 2,632 
2 , 6 44 2 , 6 31 2 , 613 2,642 
2 , 650 2,640 2, 6 28 2,648 
2 , 653 2,646 2,637 2 , 652 
2 , 655 2 , 650 2,643 2,654 
2,656 2,652 2,647 2 , 656 
2 , 657 2,654 2 , 650 2 , 657 
2,658 2,655 2,652 2 , 658 
2 , 659 2,656 2,653 2 , 658 
2 , 659 2 , 657 2,654 2,659 
2 , 659 2 , 658 2,655 2,659 
2 , 660 2,658 2 , 656 2,659 
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Table 6 . 6 . Short-run static normative rape suppl y functions 
(optimum rape output levels, Kgs / lOa), associated 
with five price level s for nitrogen, estimated 
from Equation 6 . 6, based on fertilizer production 
function 3 . 10 
Rape pr ice 
(won/Kg) 
25 
30 
35 
40 
45 
50 
55 
6 0 
65 
70 
75 
8 0 
40 
220 . 45 
221 . 03 
221 . 38 
221 . 60 
221 . 76 
221.87 
221 . 95 
222 . 01 
222 . 06 
222 . 10 
222.13 
222 . 15 
Price of nitrogen (won/Kg) 
60 80 100 63 
Supply quantity (Kgs/lOa) 
218 . 10 214 . 81 210 . 57 21 7 . 67 
219 . 40 218 . 11 214 . 17 219 . 09 
220 . 18 219 . 50 216 . 33 219 . 95 
220 . 68 220 . 40 217 . 74 220 . 51 
221. 03 221 . 01 218 . 71 220 . 90 
221 . 28 221 . 45 21 9 . 40 221 . 17 
221 . 46 221 . 78 219 . 91 221.37 
221 . 60 221 . 03 220 . 29 221. 53 
221 . 71 221 . 22 220 . 60 221 . 45 
221.80 221.38 220 . 84 221 . 74 
221 . 87 221 . 50 221 . 03 221. 82 
221 . 92 221 . 60 221 . 19 221. 88 
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Figur e 6 . 1 . Long-run static nor mativ e rice supply function , 
nitrogen price with 63 won per Kg and compost 
price with 70 and 100 per lOOKgs , estimated 
from Equation 6 . 1, b ased on f e rtili zer pro-
duction functi on 3 . 5 
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Figure 6.2 . Long- run static normative barley supply function, 
nitrogen p rice with 63 won per Kg and compost 
p rice with 70 and 100 won per 100Kg s , estimated 
from Eq u ation 6 . 2 , based on fertilizer production 
function 3.6 
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Figure 6 .3 . Long-run static normative white potato supply 
function, nitrogen p rice 63 won per Kgs and 
compost price wi th 70 and 100 won per 100Kgs , 
estimated from Equation 6 . 3 , based on f e rtilizer 
production fun ction 3 . 1 2 
98 
180 
1 60 
1 40 
tJl 
~ 
c: 
0 
~ 
120 
c: 
0 
+> 
+> 
0 u 
4-l 100 
0 
Q) 
u 
·.-I 
1..-1 
~ 8 0 
60 
40 
19 0 200 ~10 220 
Cotton supply quanlity (Kgs/l Oa ) 
Fignrf' 6 . -L Long- run s t atic normative cotton supply fun ction , 
nitrogen p rice wi th 6 3 won per Kg and compos t 
p ri ce wi tl1 70 and 100 won t·er lC'OKgs , estimated 
f r om Equation 6 . 4 , based on iertilizer p r oduction 
functi on 3 . 13 
99 
15 
13 
~ 
~ 
~ 
0 11 ~ 
0 
~ 
~ 
~ 
0 
A 9 
~ w w 
~ 
~ 
~ 7 -
0 
w 
u 
-~ 
H 
~ 5 
3 
2 ,500 2 , 600 2 ,700 
Sweet potato supp l y quantity (Kgs/lOa) 
Figure 6 . 5. Short-run static normative s weet potato suppl y 
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Figur e 6 . 6. Short-run '.; t a tic nor mative rape supply func-
tion , nitrogen p rice wi th 63 won per Kg , es-
timated from Equation 6 . 6 , based on fertilize r 
p r oduction function 3.1 0 
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low price of it in Figures 6 . 1-6 . 4 . We have seen that, in 
the cases of demand functions for nitrogen and compost in 
rice and barley in Tables 5 . 1- 5 .2 and 5.7-5 . 8 , the demand 
for a factor at a high l e vel of price of the other factor 
is large in rice and small in barley as compared with a low 
level of the other factor, simply due to the difference of 
the signs in interaction terms in our production f unctions . 
However, according to these figures, the supply curves cor-
responding to the l ow level of compost price lie on the right 
side , regardless o f the signs of interaction terms or their 
e xi s tence (zero) . At any rate , the fact that compost price 
is low implies that its input wil l increase , in turn, this 
will bring abou~ a large yield . It should certainly be in-
terpreted that a smaller input of nitroaen due to low price 
of compost in rice production would result in a certain de-
crease in yield, but an increase in yield through a higher 
input l evel of compost due to its low price would compensate 
for more than the decrease in yield . At a low level of 
product price , the gap between two supply schedules is wide , 
but it becomes narrowed along with an increase in the product 
price in each of these figures , in spilc o[ relative dif-
ferences among them whi ch will largely be dependent upon 
pr ice e] as Li c i 1 y of compos l • Thus far, W(' have di scuss0d 
shifts of s upply curves in terms o f compo~t price chanci< , 
but the sdme phenomena will be true in terms of nitrogen 
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price change . 
Now , we are to consider the supply elasticity . Is it 
inelastic as suggested by the conventional economic hypoth-
esis? Even if we did not comput it, we can answer to this 
question . For one thing , we have seen that the slopes of 
the supply curves are extremely steep. In addition, we are 
aware of the relationship shown in Equation 4 . 34 . We have 
also seen in the previous chapter that the cross elasticities 
for factor demands in terms of the respective product price 
are somewhat small in rice , a bit larger in barley, and the 
same in all other products as compared with respective own 
price e l asticities for both factor demands. In addition, 
a particular model of our production function presented in 
this study is characterized to have a productivity coeffi -
cient which is less than unity, r egardless of factors in-
volved over the whole range of pr oduction l evel . In other 
words, the function does not contain the so- cal l ed first 
s tage of production where production elasticity is greater 
than unity . Accordingly, the conclusion i s evident, because 
a p roduct of two quantities which are less than unity is 
definitely much less than unity, according to simpl e arith-
metic . 
Nevertheless, we want to know how much it is inelastic . 
As another alternative in calculating it, the following equa-
tions have been derived directly from supply function 
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equations above 
2 2 ) - 2 y-1 Rice e -:: • 3527P1 + . 8999P 2 - . 2311P1P 2 Py y,y s 
( 6 . 7) 
Barley 2 2 ) - 2 -1 e = . 4339P1 + . 8484P 2 + . 4209P1P 2 Py Ys y ,y 
(6 . 8 ) 
w. Potato e -:: y,y 
2 . 0505Pl + . 2577P~)P; 2 y -.1 s (6 .9) 
Cotton 2 2) -2 y -1 (6 . 10) e -:: .9434P1 + 10 . 0000P 2 Py y , y s 
s . Potato e = y , y . 2404Pi)P;
2 y-1 
s 
(6 . 11) 
Rape e = (l . 4706Pi)P;2 y-1 (6 . 12) y,y s 
of which the first two equations correspond to Equation 4 . 54, 
the middle two to Equation 4 . 31, a nd the last two to Equation 
4 . 1 4 . Note t h at e ve ry coefficient involved in our production 
functi on as well as prices concerned is the component of the 
supply elasticity equations as did in supply funct i on , in 
contrast to the factor demand functions and the associated 
elasticity e quations . This fact rest s largely on the nature 
o f our production function in terms of alge braic form. 
The estimated supply e lasticities from equations above 
have s hown that , a s anticipated, they are mostly bel ow . 1 
rather than 1 . 0, regardless of kinds of products , except in 
the cases of extremely l ow price l evel s of some products . 
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Generally , the elasticity is a decreasing function of product 
price and an increasing function of the factor prices , so 
that it is comparatively large at the worst prices of products 
and factors to farmer s , while small at more favorable price 
situations of products and factors . 
For the convenience of comparison, Figure 6 . 7 has been 
prepared where elasticity functi o ns of product supply , at 
basic prices of factor s , have been s hown, and the mark X on 
each curve refers to the s upply elasticity at the basic price 
o f the respective product. According to this figure, white 
and s weet potatoes , rice, rape, cotton , and barley are most 
inel astic in that order . 
The supply elasticity is also affected by the base ef -
fect (the denominator in the e lasticity e quation) as well as 
t h e slope effect (the numerator) of the s upply function . If 
we could make an assumption lhat is certeri s paribus with 
respect to the base effect, t h e n we would say that the supply 
e lastici ty tends to have a larger value when our production 
function contains more variable factors , a nd interaction 
term in it has a positive sign . This tenden cy has perhaps 
been reflected in Figure 6 . 7 among crops, where difference 
is h ardly believed to happen by chance . However , in con-
ducting the experimentations almost all of the fixed factors 
are held at nearly maximum levels , in the viewpoint o f 
agronomy at the p resent stage of agricultural technology in 
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Korea, simply because it is nol known exact ly how much farmers 
actually input each f actor . In the case of labor input , they 
really do inject that much . There are some indications that 
chemical fertilizers other than nitrogen are not very sensi -
tive on some crops, depending on the type of soi l. With this 
information , if more variable factors were contained in our 
production function, the optimum output level , physical or 
economic , in each crop would not be changed very much, but 
the con stant term "a" would substanlially decrease hence , 
the s lope of supply function would be rather smooth instead . 
Therefore , we may conclude thal the supply elasticity based 
on a unit of land where few factors are considered to be 
variable is underestimated as compared with that where more 
variable factors are involved, as Tweeten and Heady (104) 
indicate . 
The cross supply elasticities with respect to factor 
prices have not been estimated since we can read them di -
rectly or infer them indirectly from the own price supply 
elasticity tables . In sweet potato and rape production, 
the cross elasticity, e 
1
, is the same as e but opposite 
y I y,y 
in sign , and in other crops , e amounts Lo the sum of e 1 y,y y , 
and e 2 but opposite in sign . Therefore we can conclude y , 
thal the cross supply elasticily is more or as much in-
elastic as the own supply elasticity, so that factor price 
change would not affect t he supply quantity as much as the 
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demand for factors would be affected and the product price 
change would affect the supply quantity if other things are 
equal, though the same rate change in prices of factor and 
product would not make any difference in factor demand or 
product supply . 
In summary , we have seen that the agricultural product 
supply is e xtremely inelastic , both in terms of factor and 
product prices, in the context of this study . There are 
some differences in relative magnitudes of the e lasticities 
among crops , which perhaps are caused partially by the nature 
of the production functions, depending on the number of var-
iable factors . And the elasticity thus estimated is also 
affected by the relative magnitudes of the constant term "a" 
which is, in turn, likely be influenced greatly by the o ther 
fixed input level or experimental condition . In fact, if 
we recall that our experimentation s are based on quite dif-
ferent physical conditions , we may be forced to conclude 
that , even though the shape or s l ope of each supply curve 
would reflect reality, the relative suppl y quantity and 
relative magnitude of the associated elasticities among 
crops may differ from r eality . 
108 
VII . OPTIMAL RESOURCE ALLOCATION IN 
STATIC SHORT- RUN 
Now we turn to discussion of the most essential prob-
lems of this study--resource allocation . We will discuss 
first how a limited amount of capital and a given physical 
amount of each resource should be allocated between enter-
prises . Then we will look at the optimal allocative pattern 
of resources under a condition of the relative change in 
product prices . However we will not cover an effect of 
factor price change since one percent change in all factor 
prices will have the same effect as one percent change in 
capital will have , but in the opposite direction. 
Thus far , we have assumed that farmers have as much 
capital as they need to allocate to each product for each 
resource, in addition that their goal is only profit maxi -
mization . Therefore, demand for each factor and supply of 
each product have not been affected by the oth e r product 
price at all . More important, t hi s assumption and corre-
sponding analysis imply that there is no optimum farm size 
since, for example the tenth acre of each crop will add 
profit equally with the first acre . Con stant returns to 
scale result . In fact, Heady (24 , p . 538-557) says that 
though the optimum size of farm firm may be inde terminant 
in a static world, entrepreneurship and capital limitation 
109 
due to uncertainty and risk, hence, the principle of in-
creasing risk would affect the size of farm. However 
Scitovsky (97, p. 190-193) objects to entrepreneurship as 
a factor limiting the size of firm, and emphasizes capital 
rationing, whether it is internal or external . It is quite 
true that, in reality , no farmer has enough capital , his 
own or borrowed , to produce as much of every product as is 
profitable . If this is so , how should the limited capital 
or resources be allocated among alternative enterprises for 
the sake of profit maximization? 
A. Capital-Variable Programming 
The equilibrium conditions of the firm can be stated, 
according to Hicks (64 , p . 86-87) thus, (a) The price- ratio 
between any two products must equal the marginal rate of 
substitution between the two products . (b) The price-ratio 
between a ny two factors must equal their marginal rate of 
substitution. (c) The price-ratio between any factor and 
any product must equal the marginal rate of transformation 
between t h e factor and the product. Hicks ian stabiliLy con-
ditions for the equilibrium arc ( a ) increasin g marginal rate 
of subst1LuLion for the substitution of one product for 
another , (b) diminishing marginal rate of substi~ution for 
the s ubstitution of one factor for another, and (c) dimin-
ishing marginal rate of transformation (dimini shing marginal 
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product) for transformation of a factor into a product . 
These stability conditions are actually the same things 
that we called the second order conditions of profit max-
imization (loss minimization) or cost minimization as dis-
cussed in Chapter 4. We have seen also that our specific 
production functions have satisfied these conditions . 
Th erefore , our programming in this section is to allocate 
the limited amount of capital to the factors among enter-
prises involved in our model in such a way as to secure 
these equilibrium conditions to hold . In short, an alternate 
statement of these conditions is that the marginal returns 
per unit capital invested in each factor for each enterprise 
must be equal to each other. 
To do that we need a model . The restrained total profit 
equation corresponding to the theory above is 
1r = J:P . Y . - L:EP . X . . + )\. ( L:I:'P . X . . 
yi l J lJ l iJ 
C) ( 7 . 1) 
where Y
1
. is the production level of each product , P . is the yi 
corresponding product price, X . . is t h e jth factor input 
iJ 
level for ith product , P. is the price of the jth factor , 
J 
~ is the Lagrange multiplier and c is total available amount 
of capital . In this di scussion from now on , i will go from 
1 to 6 and rice will be denoted 1, barley 2, white potato 3 , 
cotton 4, sweet potato 5 and rape 6 . j will go from 1 to 2 
a s we did in the previous chapters , the first for nitrogen 
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and the second for compost. A unit of every quantity will 
be the same as that in the pr evious chapters too . Our profit 
equation requires that it be subject to 
L:L:P .X.. = C 
J lJ 
( 7 . 2) 
in maximizing total value product, which means that the 
total expense for fertilizer should be equal to the total 
capital available for them . To determine the profit maxi -
mizing amounts of factors for each product, we t ake the 
partial derivatives of total profit with respect to each 
factor input for each product and A, and set them to equal 
zero , although it is needless to say that each production 
function equation should be substituted for Y . in Equation 
1 
7 .1. That is 
a /ax11 = P yl ( aY l /ax11) pl + A.Pl = 0 
o7r /ax12 = Pyl (aY1/ax12> p2 + AP 2 = 0 
o7r/ax
21 = P y2 ( aY 2/ax21) - Pl + APl = 0 
= = 0 
= = 0 (7 . 3) 
Thu s , the computed quantity of each factor input l evel 
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for e a ch product and per uni t net marginal return to capital 
corresponding to various amounts of capital have bee n s hown 
in Table 7 . 1 , at bas ic values of all product and f actor 
prices which we re i ndicated in Cah pter 5 . The result in 
Table 7 . 1 is very similar to that in capital-variable pro-
gramming in linear programming literature since both assume 
capital variabl e . F igure 7 . 1 shows total amounts of nitrogen 
and compost which should be purchased wilh a specified amount 
o f capita l , and per unit net margina l r eturns to capital 
which specify the r e turns to the last unit o f capital s pent 
on each factor for each product 
P . • aY . /DC .. 
y1 1 1J 
- 1 P . = ( 7 . 4) 
J 
which is derived , by sol ving one o f the sets in Equation 7 . 3 . 
According to Figure 7 . 1, total amounts of two factors pur -
chased increase whe r eas per unit returns decrease as the 
amount of capital available increases . However , the s lope 
o f compost total demand is steeper than that of nitrogen , 
which implies that the cross demand elasticity for compost 
with res pect to budget is large as compared with that of 
nitrogen . 
On the other hand , per unit net return approaches zero 
level at around 7 , 500 wo n o f capital . The total amounts of 
nitrogen and compost whi c h sh ould be demanded at the basic 
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Table 7.1. Optimum allocation of two fertilizers to crops 
with limited amount of capital--capital-variable 
programming and per unit net marginal returns to 
capital ( ~ ), Kgs per lOa for nitrogen and lOOKgs 
per lOa for compost, at basic values of all 
prices , a estimated from Equation 7 . 3 , based on 
fertilizer production functions 
Capital Amount (won) 
4,500 5,000 5 ,500 6 ,000 6 ,500 7,000 
Nitrogen (Kgs/ lOa) 
Rice 7.169 7 . 322 7 . 495 7 . 657 7 . 820 7.982 
Barley 6 . 468 7.145 7.820 8 .497 9.173 9.849 
w. Potato 9 . 450 9 . 557 9.664 9.770 9.877 9 . 983 
Cotton 4 . 692 4 . 894 5.095 5.297 5.497 5.698 
s. Potato 5.396 6 . 159 6 .922 7.685 8 . 447 9.209 
Rape 12 . 493 13 . 239 13.984 14.730 15.475 16 . 220 
Nitrogen Total 45 . 668 48 . 326 50 . 980 53 . 635 56 . 289 58 . 941 
Compost ( 100Kgs/10a) 
Rice 2 . 549 3 . 190 3 . 830 4 .471 5 . 111 5 .751 
Barley 7.767 8 . 935 10.102 11.270 12.437 13.604 
w. Potato 13 . 112 13.718 14.323 14.929 15 . 534 16.139 
Cotton - . 248 2,094 4.434 6 . 776 9 . 116 11.445 
Compost Total 23 . 428 27 . 937 32,689 37,446 42.198 46 . 949 
Per Unit Net 
Marginal Return 
to ca12ital ( .,._ ) 2.385 1.983 1. 581 1.179 0.777 0.375 
aBasic values of 
t ext in Chapter 5. 
factor and product prices are given in 
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Amount o f Ccipital ( l , 000 won ) 
Figure 7.1 . Total amounts of nitr ogen and compos t purchased 
with given amoun t of c apital , and per unit net 
ma r ginal r e t urn t o capital ( ~ ), f rom Table 7 . 1 
(d ashed portions of lines are extrapolations 
b eyond observations ) 
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values of a l l prices without capital limitation are summed 
up , from each demand function in Chapter 5, as the following 
Nitrogen 
Compost 
ncil 
DCi2 
= 
= 
61 . 460 (Kg) 
51 . 331 (lOOKg) 
( 7 • 5) 
(7 . 6 ) 
The sum of these valu es amounts to 7 , 466 (won) , which is the 
needed amount of capital for profit maximization without 
capital limitation . Accordingly we can infer the quantity 
demanded for each factor in Chapter 5 to be the one which 
makes the per unit net marginal profit zero. 
Figure 7 . 2 shows how the total amount of each resource 
should be allocated to each product. Generally , the amount 
of compost allocated to each product is more flexible than 
that of nitrogen , as we noticed in Chapter 5 , however , an 
important fact is that the factor input level for each 
product is not proportional to capital amount, that is, 
nitrogen demands for rape , white potato and sweet potato 
have steeper slopes compared to the others . In the case 
of compost demand, cotton has the largest flexibility. Of 
course , quite large differences exist among relative quantities 
demanded for factors for products . Neverthe less , it is not 
only true that the marginal value products of all factors 
for all products at a specified level of input in terms of 
their own prices are all equal to the value ( 1 +A.) , but also 
it is true that the two factor input levels specified for a 
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-------
-· --
W. Potato 
Bar l e y 
------
Cot t o n --· -----
Rape 
4 . 5 5 . 0 5 . 5 6 . 0 6 . 5 7 . 0 7 .5 
Amou11t of Capi t al ( l, 000 wo n) 
F igure 7 . 2 . F e rt i l i7.er alloc..at..1on among crops with l imited 
capi t al , from 'l'able 7 . 1 (dashed por t i o ns o f 
l ines a r e e x t r Apol a tio ns beyond obs e r v at i ons ) 
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product are on an iso-cline on which is tangent to an iso-
quant, defining the minimum cost mix of factors as shown in 
Chapter 4 . It is true , as well, that the output l evels of 
any two products corresponding to input levels of the same 
factor for both products specify the tangent point of iso-
revenue or price ratio line to the production possibility 
curve . Take nitrogen f or rice and barley for instance, the 
ratio of two marginal products with respect to nitrogen can 
be expr essed from Equation 7.3 such as 
aY1 / ax 11 
aY
2
/ ax
21 
= 
pl (1 + f...)/Pyl 
P 1 ( 1 + /... ) /p y 2 
which can be reduced to, in turn 
since x 11 and x21 are the same factor. 
( 7. 7 a) 
(7 . 7b) 
But what would be the specific price elasticity f or 
factor demand f or each product in this model? Following a 
similar procedure to that in Chapter 4 , the constrained fac-
tor demand functions have been derived from Equation 7.3 
such as 
= 
f ( c - P 2 ( 1 +A. ) /P ) - 2 e ( b - Pl ( 1 + f... ) / P 
4de - f 2 
f(b- Pl (l+f...)/P ) - 2d (c- P
2
(l+f...) / P 
4de - f 2 
( 7 . 8) 
(7.9) 
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xl = b/2d + l /2d (P1 (l+A) /Py) (7 . 10) 
x2 = c/2e + 1I2 e ( p 2 ( 1 +A ) / Py ) (7 . 11) 
xl = - b/2c + l /2c (P1 (l+A)/Py) ( 7 . 1 2) 
which corresponds to Equations 4.41, 4 . 42, 4.18 , 4 . 19 and 
4 . 7, r espective ly, in Chapter 4, where \ is once again the 
per unit marginal net return to capital . As can be noticed, 
these demand funct i o n s , hence e lasti c i t ies , are functions 
of product and factor prices involved in the equation as 
well a s A, b esides production coefficients, which are not 
only functions of the other product prices , but also o f the 
amount of budget constraint . 
B . Resource-Variable Programming 
Now we are going to assume that the phys ical amount of 
each resource, i n stead of t h e capi tal amount , available to 
a farmer is limited at a given level, and then we shall ex-
amine each factor demand for each product or resource allo-
cation among e nterprises , which is quite similar to resource-
variabl e programming in l inear programming literature . In 
other wo rds , the quantities o f two resources allocated to 
each product will be searched for, which maximize the total 
profit 
EP . Y . - l.l:P . X . . 
y1 1 J 1J 
( 7 .13 ) 
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subject to 
l:Xil = xl (7 . 14) 
and 
-
l:Xi2 = x2 (7.15) 
- -
Where x 1 and x 2 
are the total amount of ni trogen and compost 
available for a farm, respectively . This model is much more 
realistic compared with the previous one since farmers are 
not actually purchasing compost in most cases and nitrogen 
in Korea is still rationed at a set price rather than pur-
chased from the free market. 
The constrained profit equation in this model is 
(7 . 16 ) 
where Al and \ 2 are the net marginal value products of per 
unit nitrogen and compost prices , respectively 
pyiaYi 
ax / P . - 1 = AJ. 
ij J 
(7.17) 
Following the same procedure as the previous model, the 
estimated various quantities are shown in Table 7 . 2, at 
basic prices . It is apparent that the quantity allocated 
to e ach product f or both resources is increasing and the 
per unit net marginal returns to each factor are decreasing 
Table 7. 2 . Optimum resource allocation among crops with 
limited amount of fertilizer each--two resource-
variable programming , Kgs per lOa for nitrogen , 
100Kgs for compost and corresponding per unit 
net VMP (A. ), at basic values of prices , esti -
mates from
1
Equation 7 . 13-7 . 15 
Fertilizer amount combination 
Compost amount 
(lOOKgs ) 25 25 25 25 35 
Ni trogen amount 
(Kgs ) 35 40 45 50 35 
Nitrogen (Kgs/l Oa ) 
Rice 6 . 023 6 . 538 7 . 054 7. 569 5 .791 
Barley 4. 716 5 . 580 6 . 445 7.310 5 .17 4 
w. Potato 8 . 994 9 . 206 9 . 420 9 . 632 8 . 980 
Cotton 3 . 851 4 . 249 4 . 647 5 . 044 3 . 827 
s . Potato 2 . 121 3 . 641 5 . 163 6 . 681 2 . 027 
Rape 9 . 293 10 . 781 12 . 271 1 3 . 756 9 . 201 
Compost (100Kgs/1 0a ) 
Rice 3 . 306 3 . 098 2 . 890 2 . 683 4 . 882 
Barley 7 . 379 7 . 755 8 . 11 8 8 . 501 9 . 4 22 
W. Potato 13 . 425 13 . 392 13 . 352 13 . 323 14 . 733 
Cotton . 887 . 760 . 605 . 494 5 . 964 
Unit net VMP 
Nitrogen 322 . 5 271.9 221. 3 170 . 8 325 . 7 
Compost 222 . 2 223 .7 225 . 5 226 . 9 161. 2 
35 
40 
6 . 306 
6 . 039 
9 . 193 
4 . 224 
3 . 547 
10 . 689 
4 . 674 
9 . 795 
14 . 699 
5 . 832 
275 . 1 
162.8 
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Fertilizer amount combination 
35 
45 
6 . 821 
6 . 903 
9 . 406 
4.622 
5 . 068 
12 . 178 
4 . 466 
10 . 168 
14 . 665 
5 . 700 
224.5 
164 . 4 
35 
50 
7 . 336 
7.768 
9 . 619 
5 . 020 
6 589 
13.666 
4 . 259 
10.541 
14 . 631 
5 . 569 
173 . 8 
166 . 0 
45 
35 
5 . 558 
5 . 632 
8.967 
3 . 802 
1.933 
9 . 109 
6 . 458 
11.461 
16.041 
11.040 
328.8 
100.3 
45 
40 
6.073 
6 .497 
9.180 
4 . 200 
3 . 453 
10.597 
6 .251 
11. 824 
16.007 
10 . 908 
278 . 2 
101.9 
45 
45 
6 . 588 
7.362 
9.393 
4 . 598 
4 . 974 
12 . 085 
6 . 043 
12.207 
15 . 973 
10 . 777 
227.6 
103 . 5 
45 
50 
7 . 103 
8.226 
9 . 606 
4 . 995 
6 . 494 
13 . 574 
5 . 836 
12.580 
15 . 940 
10 . 645 
177 . 0 
105 . l 
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along with an increase in total amount of the factor , with 
the other parameters constant . However it should be noticed 
that two factor inputs are not necessary on an iso-cline 
which is tangent to an iso-quant in producing a given amount 
of product, and it is also not true that two input levels of 
the same factor for two products will produce the amounts 
that are specifi ed by the tangent point of production pos-
sibility curve to iso-revenue line , as happened in the pre-
vious model . Accordingly in this particular model, per unit 
net margi nal returns to each factor do not have the same 
value as shown in Table 7 . 2 . One thing we should recognize 
is that the quantities specified are not consistent with 
efficiency criteria of agricultural resource use , over the 
long-run, in the light of the welfare viewpoint as far as 
the basic price of compost which is assumed here correctly 
reflectsthe true opportunity cost of it to farmers . 
Figure 7 . 3 shows the quantities of two fertilizers al-
located to each product when the amount of nitrogen varies 
and the amount of compost is fixed at various l evel s . Rape, 
sweet potato and barley have more flexibility in using ni-
trogen than do the other crops , at any l evel of compost . 
It seems strange that as the avai l able amount of nitrogen 
increases , optimum input levels of compost in rice, white 
potato and cotton are more or less decreasing, whereas that 
for barley is increasing . Thi s tendency seems to stem from 
+J 
lfJ 
~ 
0 u 
16 
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12 
10 
8 
6 
4 
2 
0 
14 
12 
10 
8 
6 
4 
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( l )Compost, 25 
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b------------
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(2) Compost, 35 
c-------
b--------
a------a------
(3) Compost, 45 
C".""-------
b--------d 
a------
f:::----- f 
3 5 40 45 50 35 40 45 so 3 5 40 45 50 
Amount of Nitrogen Total (Kgs) 
Figure 7 . 3. Fertilizer allocatio n among crops with limited 
amount of nitrogen and compost fixed at var ious 
levels , a for rice , r barley , c white potato, 
d cotton, e sweet potato and f rape , from 
Table 7 . 2 
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the fact that the sign of the interaction term in our barley 
production function (3.6) is plus, whereas that for the rice 
production function (3 . 5) is minus, and the others zero . 
The marginal productivity of compost in barley production 
increases and that of rice decreases as the input level of 
nitrogen increases so that the compost demand in the former 
is naturally rising whereas that in the later declining . 
The coefficient of interaction term in barley production 
function is relatively large , in addition, which perhaps 
makes the demand for compost in white potato and cotton 
production decrease . On the other hand, Figure 7 . 4 shows 
the same quantities as Figure 7 . 3 , but now the amount of 
compost varies and that of nitrogen is fixed, according to 
which the demand for compost in cotton production is sharply 
rising as compared with the other crops, along with an in-
crease in the amount of compost available . The demand for 
nitrogen in rice is declining, whereas that in barley is 
rising, and the others are comparatively almost constant . 
C. Price-Variable Programming 
In reality, because farmers operate in a dynamic world , 
the relative prices among products are often changing . Ac-
cordingly, the rationalistic farmers surely want to adjust 
to the relative price change which is supposed to be a 
parameter to them . The theory of how they should adapt has 
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( l ) Nitrogen (2) Ni trogen (3) Nitrogen (4) Ni troge n 
35 40 45 50 
c/ c/ c/ / 
b/) b// /; 
a a 
d d 
f 
f 
f 
f c c 
c c 
b~~ a~ 
~ :::-==s <= b e a b~ e d 
d d d e 
e 
25 35 45 25 35 15 25 35 45 25 35 45 
Amount of Compost Total (100Kgs ) 
Figure 7 .4. Fertilize r al1 oc .... tion among c rops with limited 
amount of compos t and nitrogen fi x ed at various 
levels , a fo r rice, b barley, c white potato , 
d cotton , e sweet potato and f rape , f rom 
Table 7 . 2 
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already been given in the previous section o f this chapter . 
What is new is o nly a change in iso- revenue curve or price 
ratio line . But the factor input level s , instead of output 
l evel s , are shown in Table 7 . 3, which is the res ult of pro-
g rarruning where our profit Equation 7 . 16 is maximized , sub-
jecting 
x1 
x 
2 
a nd 
i 
i 
to 
= 
= 
= 
45 
35 
k , p . 
y1 
k , p . 
y1 
= variable 
= basic price 
whi ch is very similar to one- price-variable programming in 
the literatur e of linear programming . 
The same thing is a lso sh own in Figure 7 . 5 , which is 
nothing but the constrained cross demand function for each 
factor for each product with r e spect to a specific product 
price . Be caus e of every pane l in thi s figure has a different 
scale in price axi s , t h e cross elas ticities cannot exactl y 
be compared to each oth er , unfortunately . However, t hi s 
figure suggests that the cross e lasticity with respect to 
own product price i s large in demand for both nitrogen and 
compost in barley , for compost in cotton , and f or nitrogen 
in s wee t potato and rape as compared with the o t h ers . In 
Tabl e 7 .3 . Resource allocation among crops with 45 Kgs of 
nitrogen total and 35 units of compost total 
when prices of products are varying--one product 
price-variable programming , Kgs per lOa for ni-
trogen , 100 Kgs f or compost and corresponding 
per unit net VMP (~ . ), with other product and 
factor prices at ba~ic values , estimated from 
Equation 7 . 3 
Crop 
Price 
(won/ Kgs) 
Rice 
Barley 
W. Potato 
Cotton 
S . Potato 
Rape 
Rice 
Barley 
W.Potato 
Cotton 
Rice Barley 
30 40 20 30 
Nitrogen (Kgs/lOa ) 
6 .761 7 . 025 6 . 908 6 . 755 
6 .943 6 . 8 47 5 . 954 7.616 
9 . 408 9 . 398 9 . 457 9.368 
4 . 625 4 . 606 4 . 717 4 . 551 
5 . 077 5 . 007 5 . 431 4.797 
12 . 187 12 . 118 12 . 533 11.912 
Compost (100Kgs/10a) 
3 . 934 4.849 4 . 692 4 . 299 
10 . 301 10 . 058 8 . 850 11.194 
14 . 749 14 . 609 14 . 886 14 . 501 
6 . 027 5 . 483 6 . 559 5 . 006 
Unit net VMP 
Nitrogen 224 .1 226 . 5 212 . 4 233 . 5 
Compost 160 . 5 167.0 154 . 1 172.l 
W. Potato 
10 14 
6 . 824 6 . 819 
6 . 970 6 . 858 
9.226 9 . 537 
4 . 635 4 . 613 
5 .119 5 .03 3 
12.227 12 .144 
4 . 567 4 . 391 
10 . 325 10 . 053 
14 . 066 15 .113 
6 . 046 5 . 444 
222 . 8 225 . 6 
160 . 3 167 . 5 
Cotton 
100 
6 . 800 
7 . 02 3 
9 . 421 
4 . 302 
5 . 173 
12 . 281 
4.890 
10 . 429 
15 . 028 
4. 652 
221. 0 
147 . 5 
140 
6 . 844 
6 . 764 
9.398 
4 . 862 
5 . 011 
12 . 122 
4 . 145 
9.717 
14 . 391 
6 . 747 
226 .4 
177. 2 
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S. Potato 
6 
7 . 031 
7 . 258 
9 . 493 
4 . 785 
3.648 
12 . 786 
4 . 382 
10 . 31 8 
14. 652 
5 . 648 
203 . 8 
165 . 0 
10 
6 . 673 
6 . 655 
9 . 345 
4. 508 
6 . 068 
11 . 751 
4 . 526 
10 . 055 
14. 671 
5 . 739 
239 . 0 
163 . 9 
40 
6 .979 
7 . 170 
9 . 472 
4 . 745 
5 . 536 
11 . 100 
4 . 403 
10 . 278 
14 . 655 
5 . 662 
208 . 9 
164 . 9 
Rape 
60 
6 . 702 
6 . 705 
9 . 357 
4 . 530 
4 . 716 
12 . 991 
4 . 51 5 
10 . 081 
14 . 673 
5 . 732 
236 . 2 
164 . 0 
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panel a , barley in terms of nitrogen use and cotton in 
terms of compost comparatively suffer from a high price of 
rice . In panel b , all products except white potato in terms 
of both fertilizers suffer from a high price of barley , al -
though relative degree of difference can be noticed among 
them. In panel c , there are almost no changes in demand 
except compost demands for barley and cotton being decreased 
somewhat due to a high price of white potato . Barley suffers 
mainly and rice rather benefits in terms of nitrogen , owing 
to an increase in the cotton price, whereas a ll products suf -
fer together almost equally in terms of compost , in panel d . 
Final ly , in panels e and f , all other products suffer from 
an increase in the respective product prices in terms of 
nitrogen use , though demand for compost in rice and cotton 
are rather rising whereas that of white potato is relatively 
constant in both panels. 
One of the main difficulties of this analysis is that 
the acreage for each product production has already been 
determined previously by the other choice indicators , one 
of which will be discussed in a later chapter. Even if we 
accept this priority , it is not quite a reasonable assump-
tion that farmers would produce only and exactly the same 
kinds of crops pres ented in this study, however . In this 
chapter , we assumed that our model farm has 6 units of 
cultivable l and and allocates each unit to each product . 
131 
On the contrary , it may have more or less land availab le 
than that, it may have more or fewer kinds of crops to 
produce , and it may specialize in one or more than t wo 
crops whereas the others may not . Nevertheless, what 
we try to expl ain here is how we apply our economic prin-
ciple and model to actual farming . 
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VIII. SOME SUGGESTED BASIC ECONOMIC RELATIONSHIPS 
In this chapter , we will discuss the facto r demand 
elasticity with respect to factor prices , product prices a nd 
capi tal amount (budget constraint) available for pur chasing 
factors invol ved in our production function based on the 
model defined in Equation 7.1. We will also deduct some 
basic relationships among them . In the previous chapter, we 
defined the constrained factor demand functions in Equations 
7 . 8-7 .12 . Now that we know the values of A under the various 
budget constraints by means of Tabl e 7.1 , we may attempt to 
estimate the e lasticity by substituting A into the individual 
demand equation s . These figures will be reasonable in t h e 
sense that , as the budget constrai ng increases , thus com-
puted e lasticities are declining and when c = 7 . 466 won or 
A = 0, t h ey wi ll be identical to those sh own in Chapter 5 . 
Is a true relationshi p indicated after all? Certainly not . 
The r eason is simply that A is also a function of a ll prices 
of factors and products as well as the budget constraint . 
Thus , unless A has been expressed as a function of al l 
par ameters , we are not allowed Lo compute t h e true relation-
ship, at all . 
Our job here is to examine how the demand for a factor 
would ch ange when our parameters change , in our constraint 
model . Samuel son (93 , p . 76-78 ), and Henderson and Quandt 
(63 , p . 73-75 ) discuss thi s problem . However we accomplish 
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our purpose in more compact form in t h e practical sense by 
deriving the equation of A. To do so , first o f a ll, solve 
X . . in the first 10 equations i n 7. 3 in terms of A, then 
l.J 
s ubstitute them i nto the last equati on in 7 . 3 and sol ve 
again in terms o f A. Thus derive d the equation is 
68 . 0535 - c 
A = 
. 0505 + . 9434 + 
py3 py4 
.2404 + 1.4706 ) 
Py5 Py6 
+ P2( . 8999 + . 8484 + . 2577 10.0000 ) 
2 P P P + p yl y2 y3 y4 
( 8 . 1 ) 
By s ubstituting Equation 8 .1 into Equations 7 . 8 -7.12, 
now we h ave the constraint demand function s corresponding to 
our specific model o f the pr oducti on functions shown in 
pr oduction functi on Equations 3.1 , 3 .11 and 3.3 , r espectively , 
and we are in a position to estimate individual demands f or 
factors directly, instead of sol ving the system of 7 . 3 
simul taneously and the true relati onships involved in the 
demand elastici ties . Once again, note that all the demand 
functions are now functions of al l prices and budget con-
straint, regardless of the numbers o f factors invol ved in 
our production functions . 
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A. Budget Elasticity 
Let us discuss, first of all, the effect of change in 
budget constraint on individual factor demand. Of course , 
we could infer that, in Table 7 . 1 , one percent change in 
capital amount would not induce exactly equal change in 
individual factor demand . Then, how would the individual 
factor demand change? Table 8 . 1 which is esLimated from 
EquaLions 7 . 8 - 7.12 and 8 . 1 shows cross demand elasticities 
for individual factors with respect to budget constraint . 
Let us name it budget elasticity since no appropriate term-
inology is given yet and label it E .. , i for products and 
lJ 
j for factors, and budget proportion c .. - P .X .. /C , at a ll 
lJ J lJ 
basic values of prices shown in Chapter 5 and 6 ,000 won of 
budget. This table says that one percent change in budget 
would induce about 4.2 percent in compost demand in cotton 
production, 1 . 7 percent in compost in rice , 1.2 percent in 
nitrogen in sweet potato and compost in barley respectively, 
and so on . On the other hand , one percent change in budget 
would induce as little as 0 . 1 percent change in nitrogen 
demand in white potato production . The sum of individual 
budget elasticities amount to about 11 . 2 perce nt . How can 
total factor demand change by this much when the budget has 
changed by only one percent? Certainly it cannot be . We 
need more information for us to infer the total effect , that 
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Table 8 . 1 . Cross elasticity for factor demand with respect 
to budget constraint (budget elasticity) and 
budget proportion , at all basic values of pricesa 
and budget constrain t (capital amount ) with 6 , 000 
won , estimated from Equations 7 . 8 - 7 . 12 and 8 . 1 
Nitrogen 
Rice 
Barley 
W. Potato 
Cotton 
S . Potato 
Rape 
Compost 
Rice 
Barl ey 
W. Potato 
Cotton 
Total 
Weighed sum 
L:C . . E . . 
lJ lJ 
Budget elasticity 
E .. 
lJ 
. 254 
. 955 
. 103 
. 450 
1. 212 
. 606 
1 . 717 
1 . 243 
. 485 
4.152 
11 . 177 
1 . 000 
Budget proportion 
c . . 
lJ 
. 080 
. 089 
. 103 
. 056 
. 081 
.155 
.054 
. 131 
. 174 
. 079 
1.000 
aBasic values of factor and product prices are given in 
t ext in Chapter 5. 
l3b 
i s the budget proportion . Indeed, the weighted sum of 
budget elasticities by budget proportions 
1.z:c . . E. . = 1. oo 
lJ lJ 
(8 . 2) 
r educes t o about one, that is to say , the total effect is 
t he same as the change in budget , which is a reasonable 
conclusio n . In demand analysis for the commodity , this fun-
dame ntal relationship is known as the Enge l aggregation 
where E i s the so-called income elasticity , according to 
Fris ch (14) . 
The formal proof proceeds from the las t equation in 
7 . 3 . That is 
;~ 2.;P . X . . = C 
J lJ 
( 8 . 3) 
holds at whatever the capital amount is, and under whatever 
form of the production function used. In the context of our 
concern here, prices of factors and products are assumed to 
be constant , and the total differentiation of Eq uation 8 . 3 
with respect to c is 
= oC 
By dividing both sides of i t by ac, it devel ops that 
2.2:P . ax . . /ac = 1 
J lJ 
and multi plying it by c/c and X .. /X .. , we have 
lJ lJ 
(8.4a) 
( 8 . 4b) 
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z.:z.: ax . . /ac . c/x . . . PJ.x1. J. / c lJ lJ 
l (8 . 4 c) 
where ax .. /ac . C/X .. is the budget elasticity (E .. ), and lJ lJ lJ 
P.X ./c is nothing but t he budget proportion (C
1
.J. ) . Finally 
J lJ 
it reduces to 8 . 2. 
B. Price Elasticity 
Now let us examine factor demand changes in terms of 
factor price changes themselves . Table 8 .2 has shown the 
own price and cross demand elasticities for individual fac-
tors , at a l l basic values of prices and 6,000 won of budget, 
which are estimated from Equations 7 . 8-7 . 12 and 8 . 1 . Ac-
cording to this table , a change in nitrogen price would 
cause the demand for compost as well as nitrogen to change 
in the opposite direction . The demands for compost in cot-
ton production and for nitrogen in sweet potato suffer most, 
and that for nitrogen in white potato least . On the other 
hand, a change in compost price would also induce all f ac-
tor demands except nitrogen demand for rice to change to 
the opposite side , and compost demand for cotton and rice 
are very sensitive whereas nitroge n demands for rice, white 
potato and cotton are not very flexible in terms of compost 
price change . The own price elasticities in this table are 
much greater in absolute value than those shown in Chapter 5 . 
Therefore we may conclude that as far as our constrained 
model approximates the actual farm situation, factor demand 
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Table 8.2 . Own price and cross elasticity ( e .. k) a for f ac-
tor demand with respect to factor
1
prices , at 
all basic values of prices and capital with 
6 , 000 won , estimated from Equations 7 . 8 - 7 . 12 
and 8 . 1 
Nitrogen 
Rice 
Bar ley 
W. Potato 
Cotton 
S . Potato 
Rape 
Compost 
Rice 
Barley 
W. Potato 
Cotton 
Sum of weighted 
e l asticit,Y 
2;C .. e .. k 
lJ lJ 
Price of factors 
Nitrogen 
eijl 
- . 2857 
- .6749 
- .1132 
- . 3900 
- 1. 0274 
- . 5247 
- . 6078 
- . 6161 
- . 2006 
-1 . 7146 
- . 5648 
Compost 
eij2 
+ . 0313 
- . 2805 
- . 0177 
- . 0611 
- . 1609 
- . 0822 
- 1 . 1097 
- . 6277 
- . 2852 
-2 . 4382 
- . 4382 
~or example , quantities corresponding to nitrogen rows 
in nitrogen price column indicate the own price elasticities 
f or nitrogen demand while those corresponding to compost rows 
in nitrogen price column indicate t he cross e last icities for 
compost demand with r espect to nitroge n price . 
bcij in the budget proportion sh own in Tabl e 8 . 1 . 
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elasticities shown in Table 8.2, rather t han those in Chapter 
5 , are , perhaps, the ones that we want Lo know, and would be 
a better indicator of the real situation . Looking at Table 
8 .2 again, we find that one percent change in nitrogen price 
would have an effect to change the total nitrogen demand by 
about 2 percent and the total compost demand by 3 percent . 
One percent change in compost price causes 0.6 percent change 
in total nitrogen demand and 4 . 5 percent change in compost . 
It may be interpreted that the total factor demand would 
change by about 11 percent due to one percent changes in 
both factor prices at the same time. But it is no longer 
true . Once again, we need some information on budget pro-
portion for each X .. to know the aggregate effect of factor 
l.J 
price change on factor demand . In fact, the weighted sum of 
demand elasticities with respect to nitrogen price change is 
2:2:C .. e . . 1 lJ lJ 
- 0 . 565 
Those with respect to compost price change are 
I:2:C . . e .. 
2 lJ lJ = - 0 . 438 
(8 . 5) 
(8 . 6) 
Both s um up to 1 . 000 approximately . Therefore we can say 
that one percent change in two factor prices at t h e same 
time would yield an e ffect Lo change one p e r cent in aggregate 
factor demand , but to the opposite direction . The formal 
proof of this relationship also stems from Equation 8.3 . Now 
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that P. is the only variable , the total differentiation of 
J 
Equation 8 . 3 is 
L:I:P . ( ax . . I a P . ) + L:DC . . = o 
J lJ J lJ 
(8 . 7a) 
By transferring the second term to the right and multiplying 
both sides by P./c. X .. /X .. , we have 
J lJ lJ 
L:I:P . ax .. / nP . • P ./c . x . . /x. . = - .L.LP .x .. /c 
J lJ J J lJ lJ J lJ 
( 8 . 7b) 
or 
~P x /c x I P P /x - '' ,,P . x . . / c :\L. . . . • d . . d . • . . . r: . ·- J lj
J lJ lJ J J lJ 
(8 . 7c) 
where L:.f.P .X .. /C = 1 
J lJ 
since .LL:P .x . . = c, P .x .. /c - c . . and 
J lJ J lj lJ 
( uX . . / aP .) · (P. / X .. ) = e .. . Therefore, Equation 8 . 7c re-
lJ J J lJ lJ 
duces to 
.[I:.[C . . e . . k 
lJ lJ = - 1 (8 . 7d) 
where i(= l,2 , .. . 6) indicates products, j(~ l,2) factors and 
k( =l,2) factor prices . 
Now once again , looking at Tables 8 . 1 and 8 . 2, we can 
easily notice that t he weighted sum of own pLice and cross 
e l asticilies wi~h respect to a factor pri ce 1s equal to the 
sum of budget p roportions for Lhe factor bul oppos i te in 
sign . That i s to s ay 
I:L:C . . e .. 
1 lJ lJ 
I:L:C . . e .. 
2 lJ lJ 
= - l.Cil(=0 . 565) 
= 
(8 . 8a) 
(8. 8b) 
or 
2:.D:c .. e .. k 
lj lj 
= 
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- L;C .. ( - 1 . 000) 
1.J 
(8 . 8c) 
whe r e the first equation says that the weight ed sum of e ffects 
of nitrogen price change o n boLh fa c tor demand js i den ti cal 
to t he sum of budge t proportions for nitrogen in the absolute 
term; the s econd says the s ame thing about compost ; and the 
third e quation simply is t h e a ggregation of the first two 
and it is actually the same as Equation 8 . 7d. In demand 
analysis for the commodity , this fundamental relationship 
i s known a s the Cournot aggregation : Equation 8 . 8 a or 8 . 8b 
enabl e u s to infer how t h e aggregate change in factor d emand 
would appear whe n the pr i ce of a fac tor c hanges , a s far as 
we know t h e budget proportion for i t , especiall y in t he s hor t -
run where total b udget is likely to be constan t ove r time . 
The f ormal proof i s s imi l ar to that of Equation 8 .7. 
Next , one can find , from Tables 8 . 1 and 8 . 2 , the budget 
elasticity for a factor demand in a product production i s 
numerically equal to the sum of own price and cross e las -
ticities with respect to factor prices . That i s 
l, e. ' k k lj - = E .. lJ 
( 8 . 9a) 
Thi:-> relations hip say s Lhe pcoportional change in a ll factor 
p rices and budget wo u ld not affc'c t factor d0mand , a nd i s 
known as homoge nei ty condition, in corrunodi ty demand analys i s 
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where E is income elasticity . Note also that the following 
relationships hol d : 
= - ELE .. (= 11 . 177) 1J 
= - L:rc .. E . . (= l.OOO) 
lJ lJ 
(8 . 9b) 
(8 . 9c) 
The last relationship connecting budget elasticity and 
price e l asticity is the symmetry relation. In the commodity 
demand a nalysis , t h is rel ationship is shown as 
(8 .lOa) 
or 
= ( E . - Ek ) C . + C . e . k/ C'_ l 1 l l - k (8 . lOb) 
This equ ation is used to estimate cross e lasticity under the 
assumption that income elasticity , budget proportion and at 
least t h e opposite cross elasticity are known or are easy to 
get. But in factor demand analysis, this relationship is 
found but by a slightly different form, t ha t is; 
(8 . lla) 
o r 
= (8.llb) 
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c . Cross Elasticity 
Now, let us turn to cross elasticity for factor demand 
with respect to product price. As in the previous sections , 
by substituting Equation 8 . 1 into Equations 7 . 8-7.12, we are 
finally in a position to compute cross elasticities, and to 
examine the effect of product price change on factor demand . 
Indeed, thus estimated cross elasticities are presented in 
Table 8 . 3, at all basic values of prices and 6 ,000 wo n of 
budget . 
In general, absolute values of cross elasticities in 
this table are quite small as compared with those in terms 
of factor p rices , simply because the aggregate quantities 
of factors are unchanged, since in this model we assume that 
the budget and factor prices are constant. Neverthel ess , 
change in a product price would change the allocation pat-
tern of resources, hence would cause individual product sup-
ply to change, according to Table 8 . 3 . 
As in the former cases , algebraic sums o f cross elas-
ticities eijl do not equal zero where i stands for product, 
j for factor and l for product price . However, the weighted 
sum of those e lasticities by budget proportions is identical 
to zero . In other words, the aggregate effect of change in 
a product price is neutral in terms of factor demand in this 
system of our model, as shown in Table 8 . 3 . We can also 
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Table 8 . 3 . Cross elasticity (eiii )a for factor demand with 
respect to product p~ices , al all basic values 
of prices , and capital with 6 , 000 won, estimated 
from Equations 7 . 8 -7 . 12 and 8 . 1 
Nitrogen 
Rice 
Rice 
eijl 
. 1023 
Barley - . 0475 
W. Potato -.0065 
Cotton - . 0224 
S . Potato -.0602 
Rape 
Compost 
Rice 
Barley 
- . 0302 
. 6904 
- . 0618 
W. Potato - . 0241 
Cotton - . 2064 
Weighted own 
product price 
elastici~y 
r:c . e . . 1 • o 4 5 5 iJ iJ 
Weighted cross 
product price 
e lasticity 
LC . . e . . lb - . 04 4 3 iJ iJ 
Price of product 
Barley 
eij2 
-. 0286 
. 3242 
-. 0147 
-. 0507 
- . 1362 
- . 0682 
- . 1930 
. 4221 
- . 0546 
-.4666 
.08 41 
- . 0837 
W. Potato 
eij 3 
- . 0113 
-. 0423 
. 0533 
-. 0200 
-. 0537 
-. 0269 
- . 0760 
- . 0551 
. 1979 
- . 1839 
. 0399 
- . 0402 
Cotton 
eij4 
-.0406 
-.1525 
- . 0209 
.1319 
- . 1935 
- . 0969 
- . 2743 
-.1986 
-.0776 
1 . 2129 
.1032 
-.1040 
S . Potato 
eij5 
-.0110 
-.0414 
-.0057 
-.019 5 
. 4843 
- . 0263 
-.0744 
-.0539 
-.0210 
-.1798 
. 0392 
- . 0393 
Rape 
eij6 
- . 0108 
-.0405 
- . 0055 
- . 0192 
- . 0514 
. 2484 
- . 0728 
- . 0527 
- . 0206 
- . 1760 
. 0385 
- . 0386 
aFigures wi t h positive signs indicate the cross elas-
ticities with respect to own product prices, respectively 
while those with negative for example , in the fir st row in-
dicate the cross elasticities for nilrogen demand for rice 
with respect to other product prices r espectively . 
bcij is the budget proportions shown in Table 8 . 1 . 
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conclude that change in all product prices by the same pro-
portion would yield null effect on the aggregate factor de-
mand . In reality , the budget constraint may not be constant, 
even in the short-run , since the main source of amount of 
budget would be likely to depend on the net balance between 
farm income and consumption expenditure in the previous pro-
duction year. Change in all product prices is likely to 
cause this net balance to change, too. 
To prove the homogeneity degree zero condition above , 
we again take the total differentiation Equation 8 . 3, in 
terms of product prices, the other parameter being constant; 
that is 
D-;P . ax .. /aP 1 = o J 1J y 
By multiplying both sides by X .. / X . . · Py
1
/ c, we have 
1J 1J 
L:EP .x .. /c . ax . . /aP 1 . P 1/ x . . = o J l.J 1J y y l.J 
or 
= 0 
(8 . 12a) 
(8 . 12b) 
(8 . 12c) 
In sununary, even though one of the h omogeneity con-
ditions shown in Equation 4 . 49 could not be identified in 
this closed system, the aggregate joint e ffect of change in 
a ll factor prices , product prices and budget constraint by 
the s ame proportion on factor demand is zero; or in economic 
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terminol ogy , factor demand f unctions are homogeneity degree 
zero in terms of these quantities . It is very simple to show 
this relationship , since this is equivalent to the s um of 
Equations 8 . 4b , 8 . 7d and 8 . 12c. 
D . Implications 
Let us discuss some implications of the resul ts of this 
chapter , thus far . It is suggested that a change in indi -
vidual product price does necessarily induce a change in an 
allocative pattern of resources among c r ops s hown in Table 
8 . 3, hen ce cau se individual product supply quantity to change . 
However we could not s p ecify what t h e tota l s upply change of 
a product would b e , due to its pri ce change , s ince this con-
sists o f acreage r esponse and per acre e ffects , and the former 
effect cannot be analyzed in the context of this study . On 
the other hand , we concl uded that a change in all product 
prices by the same proportion would not af f ect allocation 
pattern , hence , the quantity of individual product s upplied . 
In this connection , we made an asswnption , implicitly, that 
is , certeris paribus . Therefore, our conclusion would be 
different , depending on the behaviors of factor prices 
(which are not necessarily the market prices ) and of budget 
under the s ituation whe r e there is change in all product 
prices t ogeth er , which , in turn, implies deflation or in-
f l ation. Suppose that a l l p r oduct prices have fallen by 
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the same proportion . If factor prices also have fallen by 
the same proportion, assuming the same amount of budget as 
the previous year, then the aggregate input levels would 
increase, hence, the supply . This suggests that there is a 
possibility of the so- called backward supply function of 
agricultural product . The same argument is true in a case 
where factor prices decline relative to the degree of budget 
decrease. If the budget declines relative to factor prices, 
the outcome would be a decrease in supply . Thus, the be-
havior of agricultural production in the short-run would 
essentially depend on the relative behavior of factor 
prices and budget rather than the product price as far as 
farmers are faced with capital limitation . 
Finally, a word of warning concerning the concl usion 
of this chapter is in order . That is, the homogeneity de-
gree zero condition of factor demand function in terms of 
al l product prices does imply that the corresponding aggre-
gate s upply function is also homogeneity degree zero, but 
does not imply that the profit function or farm income is 
homogeneity degree zero. It is rather homogeneity degree 
one in the context of our discuss ion. Thus , farmer s may 
appear to be output nonresponsive to short-run product 
price changes, but we should r emembe r t hat the farmers are 
vulnerable to changes. 
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E . Optimal Capital Input Leve l 
Before turning to the next ch apter, we want to illustrate 
one more economic pr inciple concerning our constrained model . 
That is, how much capital should be used for profit maximiza-
tion? In the previous sections , we have implicitly assumed 
that there were no rates of inte r est or opportuni ty costs to 
the capital used in a farm. In reali ty , especially where the 
accumulated amount o f capital is relatively small , the rates 
of interest are comparatively high, so that the choice o f 
investment of a given amount of capital accumulated must be 
made in such a way so as to secure efficiency . 
The indicator of this choice i s g i ven in Equation 7 . 4, 
whi ch implies that the per unit net marginal r e turns to capi-
tal s hould be equal to the marginal cost . Table 8 . 4 shows 
t h e optimum input levels of capital at various interest 
r ates o r opportunity costs , at a ll basic values of prices, 
which are estimated from Equation 8 . 1. The capital input 
l evel s do not appear to be ver y sensitive to the rates of 
inte rest , howe ver, due to t he nature of ferti lizer demand 
function s . 
Tabl e 8 . 4 . Optimal capital inpu t level s, at 
of interest, at al l basic values 
estimated from Equation 8 .1 
Ra t es of interest 
0 5 10 
v arious rates 
o f pricesa, 
(%) 
1 5 20 
Optimum i nput 
(won) 7,466 . 5 7,404 . 3 7,342.l 7,279 . 9 7, 217 . 7 
aBasic values of factor and product pri ces are given in 
text in Chapter 5 . 
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IX . OPTIMAL RESOURCE ALLOCATION IN 
STATIC LONG-RUN 
In this chapter we will derive first the long-run pro-
duction functions for six crops , and t h e n estimate the gross 
marginal rates of fertili zer substitu~ion for land . Finally 
we will discuss the optimal allocation pattern of land and 
fertilizer resources among those six crops . 
The analysis in the previous chapter tells nothing about 
acreage adjustment of each c rop, because we assumed there 
that the number of crop land acres has been assigned to each 
crop in advance by another criterion . In other words, we 
we r e dealing with fertilizer production functions based on 
per unit of crop land , which i s naturally supposed to be a 
technical unit . The argument was still static short-run, 
rigorously speaking, even though more than one factor is 
subject to their prices simultaneously . 
A. Long -Run Production Function 
The fertilizer production function expressed in Equa-
tion 3 . 3 can be expressed principally as 
y = Z/ A = a+ bF/ A + c (F/ A) 2 ( 9 . l) 
where A refers to land measured in acreage and F to f ertilizer , 
so t hat F/A stands for fertilizer amount applied per unit of 
land . What i s attempted here is to incorporate land into the 
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production function to derive a kind of the long-run pro-
auction function. This can be accomplished by multiplying 
the function in Equation 9.1 by A 
z = (9. 2) 
where land, A, is also variable and the aggregate output is 
now a function of both fertilizer and land. This aggregate 
or long- run production function has a property of constant 
returns to scale for the two factors considered alone. 
At least four of six production functions in this study 
include two variables , x1 and x2 . Since we are going to 
examine the relationship between fertilizer in aggregate 
form and land over the long period of time , for simplicity 
we will assume here that a given mix of two fertilizer 
prevails over the long-run. 
= (1 + r)Xl (9. 3) 
x1 = F/(r + 1) ( 9. 4) 
x
2 
= rF/(r + 1) ( 9. 5) 
where r = x 2/x1 , the proportion of compost to nitrogen . 
Now, by substituting Equations 9 .4 and 9.5 into our pro-
duction function in Equation 3.1 , the function turns out 
y = + ~ + crF + d (-F-) 2 (_Q"'_) 2 F ) ( rF ) 
a r+l r+l r+l + e r+l + f(r+l r+l 
(9.6a) 
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By expanding and factoring, we have 
Y = a+ 
2 
( b + er) F + fr + d + er F 2 
r + l (r+l)2 
(9 . 6b) 
which is exactly the same form of Equation 3.3 , that is, 
single factor production function based on per unit of land. 
Accordingly, in order to reflect this idea, it should be ex -
pressed as did Equation 9 . 1 
y = Z/A = a + b + er . FA -1 + fr + d + er 
2 
F 2 A - 2 
r+l (r+l)2 
(9. 7) 
By multiplying Equation 8 .7 by A, we have 
2 z = aA + b + er F + fr + d + er F 2 A -1 
r + 1 (r + 1 ) 2 
(9.8) 
Following a similar proce dure as to Equation 3.11, we have 
2 
Z = aA + b + er F + d + er F 2 A -1 
r+l (r+l)2 
(9.9) 
Assuming the l east cost combination of two f ertilizers 
at basic values of factor and product prices will continue 
over the long time period, although this is not a very 
plausible assumption a s will be discussed later, correspond-
ing quantities and r values are given in Table 9 . 1. The 
long-run production functions of rice and barley correspond-
ing to Equation 9.8, of white potato and cotton corresponding 
to Equation 9 . 9 , and of sweet potato and rape corresponding to 
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Table 9 . 1. Least-cost combination of two fertilizers at 
basic val ues of all prices, from e a ch demand 
function in Chapter 5 
Nitrogen (Xl) Compost (X2) r = x 2/x1 
Rice 8 .13 5 6 .3 61 . 782 
Barley 10.501 1 4.714 1 . 401 
w. Po tato 1 0.033 16.382 1. 634 
Cotton 5.892 13 . 56 7 2.303 
Equation 9.2 are respective ly 
Rice zl = 391 . 09A + 21 . 35F - . 67F
2A-l (9 . 10) 
Barley z2 = 94 . 36A + 17 . 69F - .30F
2A-l (9 . 11) 
w. Po tato Z3 ::: 789 . 66A + 121. 6 1F - 2.17F 2A-l (9 . 12) 
Cotton Z4 = 183.99A + 3.40F - . 07F
2A-l (9.13) 
s . Potato ZS = 2,370.77A + 49 . 14F - 2 . 08F 2A-l (9 . 14) 
Rape z6 = 102.43A + 12 .77F - .34-F 2A- l (9 . 15) 
B. Marginal Rates of Substitution 
We c an derive the iso-quant equation to indicate the 
combinat i ons o f l and and fertilizer which wi ll produce a 
given a.mount of output, Z, from Equation 9 . 2, for example, as 
153 
Z - bF±,J ( Z - bF) 2 - 4acF 2 A= 2a 
(9 . 16) 
Taking the derivative of Equation 9.16 with respect to F, 
we establish the marginal rate of substitution of fertilizer 
for land 
aA 
oF = 
- 1 2cFA - b 
2 -2 a - cF A 
(9.17) 
Heady (2 8 ) defines it as the gross marginal rate of substi -
tution , since the fixed inputs such as seed , machinery and 
other capital items, as well as labor, are associated with 
land, A, and the variable inputs, such as additional labor 
and capital required to apply fertilizer , are included with 
fertilizer , F . 
With this framework, the output level of each crop to 
be produced is assumed as follows 
Rice Z1 = 857 . 142 (Kgs) 
Barley z2 = 1,200.000 
w. Potato Z3 = 3,000.000 
Cotton Z4 = 250 . 000 
s . Potato Z5 = 3,750 . 000 
Rape z6 = 600 .000 (9.18) 
which all yield the same values , 30 , 000 won, at the bas ic 
values of the product prices shown in Chapte r 5 , except the 
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potato price which is p riced h e r e as 10 won per kilogram 
r ather than 12 sin ce , as will be discussed later , the r ela-
tive yield estimated from its s upply fun ction to the real 
figure at farm l evel is so large , as compar ed with others , 
t hat an anomaly h as been devised f or t h e purpose of com-
parison . Fertilizer amounts f or white potato in Tabl e 9 . 1 
are also those corresponding to t h e r evised p ri ce of it. 
Thus, t h e estimated iso-quants are presented in Table 
9 . 2 , and Figure 9 . 1, and t h e slope o f each iso- quant or the 
marginal rates o f s ubsti tution of fertilize r f or land are 
shown in Table 9 . 3 . In fact, it would be very useful it we 
had definite knowledge o f the marginal rates at which capital 
in its various technological forms and l a nd o r labor of var-
ious types can s ubstitute for e a ch oth er , for purposes of 
national poli cy , sin ce l a nd and labor are u sually restraining 
resources . A resource which has served as an effective sub-
stitute for both land and l abor has been fertilizer . It 
substitutes for land or l abor in the sense that a given 
product can be p roduced with l ess land , l abor or both if 
more f e rtilizer is u sed on the r emaining acreage . Labor is 
assumed h e re to b e combined wi t h land a t a certain ratio , 
and increment i n labor r equirement due to more application 
o f f e r tilizer is relatively small or can be disregarded . 
This logi c can certainly be found in this empirical data , 
a l t hough the i so-quants, h e nce , the marginal rates of fertilizer 
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Table 9 . 2 . Combi nation o f fertilizer nutrient and l and to 
produce given amount of each p r oduc t ; 857Kgs , 
1,200 , 3 , 000 , 250 , 3 , 750 and 600 for r ice , barley , 
white potato , cotton , s weet potato and rape, 
respectively, estimated from Equations 9 . 10-
9 . 15 and 9 . 16 
Fe rtilizer 
(Kgs) 
6 
8 
10 
12 
1 4 
16 
18 
20 
22 
24 
26 
28 
30 
3 2 
34 
36 
38 
40 
Rice 
1 . 946 
1 . 861 
1 . 78 7 
1 . 724 
1 . 67 1 
1 . 629 
1 . 598 
1 . 576 
1 . 562 
1 . 556 
1 . 557 
Land (lOa) 
Barley W.Potato Cotton S . Potato Rape 
11 . 602 2 . 909 1 . 259 1. 479 5 . 133 
11 . 23 6 2 . 634 1 . 231 1 .4 55 4 . 904 
10 . 872 2 . 376 1 . 207 1. 436 4 . 682 
10 . 511 2 . 137 1 .185 1 . 422 4 . 469 
10 . 154 1. 924 1 . 167 1. 413 4 . 265 
9 . 800 1 . 740 1 . 151 1 . 409 4 . 072 
9 . 451 1 . 589 1 . 1 39 1 . 410 3 . 890 
9 . 1 06 1 . 469 1.129 3 . 721 
8 . 767 1. 378 1 .123 3 . 565 
8 . 433 1 . 31 2 1 . 114 3 . 424 
8 . 106 1 . 266 1.118 3 . 297 
7 . 786 1 . 235 3 . 184 
7 . 473 1 . 216 3 . 086 
7 . 168 1. 207 3 . 001 
6 . 8 7 3 1 . 205 2 . 929 
6 . 588 1 . 208 2 . 869 
6 . 314 2 . 820 
6 . 051 2 . 781 
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Figure 9 .1. Iso-quants for ferti lizer nutrient and land to 
produce 857 , 1, 200 , 3,000, 250 , 3,750 and 600 
Kgs for ri ce , barley, white potato , cotton, 
sweet potato a nd rape , respectively, estimated 
from Equa tions 9 .10-9.15 and 9 .16 
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Table 9.3 . Gross marginal rates of substitution for f erti-
lizer and land in producing given amount of each 
product; 857, 1,200, 3,000, 250 , 3,750 and 600 
Kgs for rice , barley, white potato, cotton, 
sweet potato and rape , respectively; estimated 
from Equations 9.1 -9.15 and 9.17 
Fertilizer 
(Kgs ) 
6 
8 
10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 
32 
34 
36 
38 
40 
Rice 
. 0444 
. 0396 
. 0342 
. 0290 
. 0236 
. 0183 
.0134 
. 0088 
. 0048 
. 0012 
+ . 0019 
Gross marginal rates of substitution 
Barley W.Potato Cotton S . Potato Rape 
. 1840 . 1410 . 0146 .0134 .1047 
. 1827 . 1339 . 0131 . 0108 .1022 
. 1812 .1 247 .0116 .0082 . 0995 
. 1795 .1132 . 0100 . 0056 . 0965 
. 1777 .0994 . 0085 . 0031 . 0933 
. 1757 .0838 . 0069 . 0007 . 0897 
. 1735 . 067 7 . 0054 + . 0018 .0858 
. 1710 . 0523 .0039 .0817 
. 1683 . 0388 . 0026 . 0772 
. 1653 .0277 . 001 2 . 0725 
. 1620 .0189 .0000 . 0674 
. 158 4 . 0127 + .0011 .0622 
. 1543 . 0068 .0567 
. 1499 .0026 . 0511 
.1451 +.0004 .0454 
.1399 . 0397 
. 1343 . 0340 
. 1 282 .0284 
Negative Sign Omitted 
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substitution for land, would be different, depending on the 
magnitude of r value . 1 According to Table 9.2, in producing 
30,000 won of value product with a given amount of fertilizer, 
land requirements are large in an order of barley , rape, 
white potato, rice, sweet potato , and cotton, although the 
order of white potato and rice changes at above 16 units of 
fertilizer . The magnitudes of marginal rates of fertilizer 
substitution for land are nearly in the same order as above, 
except that the order between white potato and rape changes 
at above of 14 units of fertilizer. One thing that is 
noticeable is that more application of fertilizer than 18 
units for s weet potato , 26 for rice, 28 for cotton and 34 
for white potato wil l not continue to substitute for land; 
whereas even more than 40 units of fertilizer application 
for barley and rape will substitute for land . 
C. Long-Run Resource Allocation 
Then, how s hould we allocate the resources, land and 
fertilizer among crops for profit maximization? As noticed 
in the previous section, our model h ere assumes the constant 
returns to scal e, so t h at there is no limit for resources 
to be used or no optimum size of farm . However, we have an 
economic principle to guide allocation of resources when 
1 See Heady, Pesek and Rao (51). 
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their amounts are limited . This is the rule of the marginal 
rate of substitution to be equal to inverse price ratio of 
two factors, as noted in the previous chapter . 
aA/ aF = 
where PF is the price of fertilizer and PA the price of land 
service . Bu t if we inquire into Table 9.1, then we will 
notice that the compositions of F are different from each 
other so that we cannot define the unique price of F . Never-
theless , it is not unreasonable to assume that combinations 
of fertilizers shown in Table 9 . 1 would prevail over a long 
time period and that, compost which is self-produced can be 
produced as much as profitable and is combined with nitrogen 
in such a manner as to yield maximum profit. Therefore, F 
can be regarded actually as nitrogen in a practical point 
of view, supposing that compost is always combined with 
nitrogen appropriately over a long time period . 
Anyhow, our program here is to allocate land and fer-
tilizer which are each limited in amount , in order to max-
imize the profit. The economic p rinciple above s ays that 
the resources should be allocated in such a way that the 
marginal rates of substitution be equal to each oth er among 
crops . Then almost all of the resources would be input into 
barley and rape, and the other crops might not receive any 
resources or might not be produced at all, depending on the 
160 
amounts of resources available, according to Table 9 . 3 . 
Fortunately , this is not the real case. For one thing , we 
do not have to produce 30,000 won worth of each product . 
Note also that we have two different kinds of land : one 
available for summer crops, and another for winter crops 
even though they are the very same physical land--the two-
crop system. That is to say, the summer and winter crops 
are supplementary as far as land use is concerned, whereas 
they are actually competitive in use of fertilizer, and are 
competitive or supplementary in labor use depending on the 
season involved . Each of the summer or winter crops can be 
competitive or supplementary for the others in the same 
group in labor use, also depending on crops and season 
involved . 1 Rice , cotton and sweet potato are the summer 
crops and barley , white potato and rape are winter crops . 
With this in mind, we want to consider the resources 
which should be allocated for each crop over the long-run 
when the resources available are limited to di ff e r ent amounts . 
We will follow the same procedure as in the previous chapter, 
that is, to maximize 
~ = (9 . 19) 
subject to 
1
For more detail discussion of these relationships for 
the different locations, see Kae, Lee and Lee (72) . 
161 
I F . ~ f 1 
Al + A4 + AS < al 
A2 + A3 + A6 ~ a2 (9 . 20) 
and 
F . 2. l, Ai 2. l 1 (9 . 21) 
where P . is once again the unit price of product , Z . is 
y1 1 
outpu t level , F is fertilizer, A is land , f , a 1 , and a 2 
are 
the amounts of total fertilizer, summer land and winter land 
to be allocated among the crops, respectively. Our restrained 
profit equation is 
Tr = 
(9 . 22) 
The progranuning model which is constructed by the 
derivatives of Equation 9.22 with respect to F . , A. and \ . 
1 1 1 
at revised basic prices of the products is 
arr / a F 1 = 747.390 46.970 F1 / A1 " 1 = 0 
(J Tf / oF 
2 = 442.200 14 . 850 F2/ A2 " 1 = 0 
arr / a F 3 = 1,216 . 060 43.480 F3 / A3 " 1 = 0 
arr /a F 4 = 408.240 17 . 520 F4/ A4 " 1 = 0 
arr / a F 5 = 393 . 120 33 . 280 F5/ A5 " 1 = 0 
arr /aF6 = 638 . 500 34 . 000 F6/ A6 - "-1 = 0 
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arr / aA1 = 13 , 338 . 150 23 . 485 F2/A2 1 1 t... 2 = 0 
o1T / oA4 = 22 , 078 . 800 8 . 760 F2/A2 4 4 "- 2 = 0 
o7T /o A5 = 18 , 966.160 - 16 . 640 F2/A2 5 5 ) ·2 = 0 
arr /o A2 = 2,359 . 000 7 .4 25 F2/A2 f\3 = 0 2 2 
l)TI" /11 A
3 = 7, 896 . 6 00 21 . 740 F2/ A2 3 3 \3 0 
J 11 /1)A
6 
-:: 5 ,121 . 500 - 17.000 F2/ A2 6 6 - "-3 0 (9 . 23) 
1he solution o f this general equilibrium or the optimum 
allocation of summer land , a 1 = lOOa , winter land, a 2 
and fertilize r f = 75 Kgs , among crops has been shown in 
Model I in Table 9 . 4. However, the r esults do not seem to 
be plausible , because they indicate that almost all of the 
summer land s hould be allocated to cotton, and ne arly all 
of t he winter land and fertilizer to white po t ato . 
75a 
Al ternatively , some of our assumptions in t he previous 
section h ave been ch anged to get another soluti on (Model II) . 
That is , we a s sumed there that the l east cost combination 
quantities of nitrogen and compost at the bas ic prices of 
factor s f o r each crop production would prevail over the 
long-run . Recalling that compos tproduction i s generally re-
stricted by the amount o f by-product , availability of wild 
grass and opportuni ty cost of l abor , the av ai lable amount 
of compos t in Table 9 . 1 might be said to overestimate s ince , 
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Table 9 .4. Long-run resource allocation among crops, with 
limited amounts of summer land, winter land and 
fertilizer specified, estimated from Equation 
9.19-9.21, based on long-run production functions 
Rice 
Cotton 
S . Potato 
Barley 
W. Potato 
Rape 
Rice 
Barley 
W. Potato 
Cotton 
s . Potato 
Rape 
Model Ia 
Summer land 
1 
98 
1 
Winter land 
1 
73 
1 
Fertilizer 
1 
1 
170 
1 
1 
1 
Model II 
total, al = lOOa 
1 
1 
98 
total, a2 = 75a 
1 
73 
1 
total, f = 175Kgs 
0 
0 
175 
0 
0 
0 
aModel I is different from Model II in assumptions about 
the ratio X2/X1 and the prices of white potato and cotton . 
in most cases, compost cannot be purchased from free market . 
In addition , the optimum input level of aggregate or composed 
fertilizer had been overestimated as compared with individual 
optimum quantities of both f e rtilizers . Our mode l assumes 
the constant returns to scale so that the solution is likely 
to be affected by the constant term "a" or linear coefficient 
16 4 
of land in our long-run production function, and i s likely 
to result in specialization . Thus , now we assume that the 
following ratios of compost to nitrogen, r = x2/x1 , would 
continue over the long-run once again 
Rice 
r (=X
2
/ x1 ) 
.6 
Barley 1.0 
w. Potato . 8 
Cotton . 6 (9 . 24) 
which are assumed approximately to represent the practice 
of farmers in terms of relative magnitudes . 
Thus the estimated long-run production functions are 
Rice z = 381.09A + 22 . 364F - . 749F 2 A- l 
Barley z = 94 . 36A + 18.0BSF - . 333F2A- l 
w. Potato z = 789.66A + 144.683F - 3 .440F2A-l 
Cotton z = 183. 99A + 4 . 959F - .214F2A- l 
(9.25) 
We once again r evise the basic price of white potato, from 
10 to 9, and of cotton , from 120 to 90 won per kilogram . 
With total available resources , summer land, a 1 = lOOa, 
winter land, a 2 = 75a and fertilizer, f = 175Kgs, and other 
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restriction A > 1 and F ~ 0, the solution is presented 
under the title of Model II in Table 9.4. Now it says that 
almost all of the summer land should be allocated to sweet 
potato , and winter land and all fertilizer to white potato . 
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X. DISCUSSION 
In the previous chapters, we have shown mainly the 
optimum input-output levels and associated elasticities, 
with or without certain kinds of restrictions , with given 
technical input-output coefficients underlaid in each crop 
production and the goal of profit maximization . 
Now, we shall discuss in this chapter the validity , 
application and implication of the results of this study , 
and needed data for improving applicability or achieving 
allocating efficiency in agricultural resource uses . 
A. Validity of Production Function 
Repeatedly, the demand functions for the factors , hence , 
supply functions of the products , are likely to depend largely 
upon the nature of the production functions . On the other 
hand, the production function would be likely to vary , de-
pending on quantity and quality of the fixed factor input, 
soil , weather and the other technology. In fact , Pesek, 
Heady and Venezian (90) found that the weather indexes, 
estima ted from rainfall and temperature, explained approxi-
mate ly 57 percent of the variance for corn yield, 60 percent 
for oat yield and 70 percent for hay yield . Soils and fer-
tilizer treatments also contributed significantly to yield 
variations , and moreover, there existed significant inter-
actions between soi l s and weather , soils and fertilizer 
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treatments , and weather and fertilizer treatments . 
Unfortunately, we have not sufficient data to e x amine 
the propos i t i ons above so that the production functions pre-
sented in t hi s study could be judged to be normal or r epre-
sentative in crop p roduction in Korea. However, there is 
some clue that would off er support f o r the difference in 
f erti l izer responses, depending on locations , so that a pro-
duction function based on a set of experimental conditions 
may not r epresent those o f the who le nation . That is , 
Tabl e 10 . 1, which s hows productivity coeff icients f or 
nitrogen, P 2o5 and K2o, by the Cobb- Douglas form at 25 
l ocations and the over-all average in rice production in 
196 4 . The experimentation was conducted by t h e Office of 
1 Rural Development and supported by Organization o f Soil 
Fe rtility Survey in Korea on UN Special Fund. Di ff erences 
among productivity coefficie nts for a given kind o f fer-
tilizer may not be determined sol ely by s oil differences 
since weather conditions would also differ, depending on the 
specific location . Therefore the differences in the coef -
f icients are perhaps a gross effect of soi l and weather con-
ditions . Anyhow, what is important is that t here seem to 
exist some di fferences in f ertilizer responses . In the case 
of P2o5 and K2o, at l east one fifth of t h e locations h ave 
1Part of thi s study is presented in Lee (82) . 
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Table 10 . 1 Productivity coefficients for intercept, nitrogen, 
P205 and K2o by Cobb-Douglas production function, 
at 25 l ocations and over-all average , in rice 
p r oduction , ORD , Korea , 1964 
Productivity coefficients 
Location 
Bu- Pyung 
Pyung- Taik 
Yo- Ju 
Yang- Pyung 
Non- San 
A- San 
Ye-San 
Su- Chon 
Ik-San 
J e ung-Eup 
Jin-An 
Nam-Won 
Ham-An 
Mil-Yang 
Ham-Yang 
Chin-Yang 
Kim-Hae 
Chung-Won 
Bo-Eun 
Jang- Sung 
Hwa-Sun 
Yong-Chon 
Kim-Chon 
Chun - Sung 
Intercept 
325 . 1 2 
319 . 40 
338 . 01 
290 . 77 
337 . 54 
372 . 75 
339 . 82 
355.01 
287 . 44 
260 . 52 
295 . 53 
341 . 31 
375 . 39 
375 . 37 
449 . 60 
363 .44 
302 . 60 
220 . 00 
278 .14 
275 . 96 
332 . 26 
381. 7 3 
326 . 7 2 
254 . 41 
Myung-Ju 177 . 51 
Over- all Average 335 . 68 
Nitrogen 
. 14514 
. 14020 
. 08508 
. 08257 
. 09698 
. 07156 
. 05838 
. 08 47 6 
. 10997 
. 13373 
. 14693 
. 10347 
. 11585 
. 07522 
. 07816 
. 10020 
. 13634 
. 10576 
. 08959 
.18421 
. 12598 
. 11074 
. 15165 
. 08783 
. 1 6361 
. 10363 
ap > 0 . 1 , otherwise P < 0 . 1 . 
. 00023 a 
. 03857 
. 03642 
. 01440a 
. 00836a 
a -.00557 
. 00877a 
a - . 01509 
. 01240 
. 00548a 
. 04581 
- . 01867a 
a -.01 280 
. 02455 
- . 00591 
a 
. 02590 
. 00633a 
. 03920a 
. 04643 
. 04675a 
. 04826 
. 00922a 
- . 00397a 
a - . 00540 
. 01630a 
. 01086 
. 0243la 
. 01494 
. 03058 
. 03520 
. 02402 
. 00488a 
. 01790 
-.00266 a 
. 01726 
. 05201 
. 00079a 
. 03718 
- . 01 676 a 
. 0085 4 
. 0063 3 
. 02166a 
. 02873 
. 03285a 
- . 00842a 
a - . 01728 
- . 05984 a 
. 003 63a 
. 01474a 
. 02296a 
. 08922 
. 01443 
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negative responses , apart from relative magnitudes , although 
they are mostly nonsignificant , even at 5 percent and the 
differences have not been tested . Figure 10 . 1 shows the 
nitrogen responses at zero input levels of P 2o5 and K20 at 
the sel ected locations from Table 10 . 1 . They do not seem 
to belong to the same population in terms of both intercept 
and slope. Thus, in this connection , we may conclude that 
a production function will be val id only for a given set of 
experimental conditions . This is the reason that we do not 
try to infer the nature of t he whole nation ' s demand and 
supply relationships by means of this study . Therefore, to 
increase feasibility or applicability of production function 
study , in other words, to help achi eve allocation efficiency 
for economic development more successfully, we need further 
improvements in the collection of soil tests and weather 
data over time and locations, as well as continuous production 
function study. 
B. Validity and Implication of Demand Function 
Now, l et us look at the validity of the results of this 
study on the static factor demand and product supply func-
tions , that is, how well these functions do reflect actuality . 
According to Tweeten and Heady (104), given the goal of prof-
it maximization and knowledge of input-output and price 
relationships by farmers , the static supply and demand 
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Figure 10 . 1. Rice r esponses lo nitrogen in selected loca-
tions by Cobb- Douglas functions given in 
Table 10 . 1 , at zero levels of P205 and K2o, 
ORD , Korea , 1964 
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functions may differ from those derived from actual farm 
data . These function s are comparable to the extent that 
(1) the fixed conditions such as technology, soil and 
weather, under which the controlled experiments are con-
ducted , are at levels which r epresent farm conditions , 
(2) all relevant short-run variables are specified, in -
c luding inputs and competing or complementary outputs, and 
(3) the algebraic form of the production is adequate to 
express the physical relationships . 
Further , they point out that above-average e xperimental 
conditions (those are true in the experiments in this study) 
may shift the static demand curve to the right and cause 
underestimation of static demand elasticity on farms . But 
with a given soil fertility leve l, ignoring residual response 
from fertilizer applied in the current year reduces the de-
mand for nutrients and causes overestimation of actual static 
demand elasticity . Failure to specify all relevant short-
run inputs may result in underestimation of static demand 
elasticity on farms. Tweeten and Heady also indicate that 
because of conditions broadly associated with undertainty, 
such as motives other than profit, capital limitations and 
inadequate knowledge of prices and the production function, 
farmers are probably l ess responsive to input price change 
than is indicated by static demand elasticity . They conclude 
that it appears t h at static demand elasticity as found in 
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this study is probably greater than the short-run factor 
demand elasticity as expressed in the market. 
It is indicated in the previous chapter that the static 
demand elasticity in the constrained mode l i s larger than 
t hat in the unconstrained model, as far as a given constant 
budget is assumed . However, it is also shown that, when all 
factor prices and budget change in the same direction and by 
the same proportion, there is no change in factor demand. 
This means that demand e lasticity is zero, and proportional 
change in all product prices alone has no ability to affect 
factor demand pattern, hence demand elasticity . Thus, in 
this connection, we may conclude that change in a factor de-
mand would depend on relatively individual behavior of each 
factor price , budget constraint and each product price . 
When we could include all relevant short-run input items 
and we would impose all relevant restriction in our model, 
through production function study, we could estimate static 
demand function on farms much more accurately. 
C. Validity of Supply Function 
Next, we shall examine the validity o f the static s up-
ply function which we have presented in this study. In the 
case of factor demand , the derived optimum input l eve l s seem , 
on the whole, to conform to those on the successful farms in 
the location where the experiments were conducted in spite 
173 
of heterogeneities of location and weather conditions in the 
experiments . However, we have no relevant data to compare 
them and omission of interaction, compost or both terms in 
some production functions might have lost comparability . 
This consistency is perhaps due to the possibi lity that the 
above-average experimental conditions, and heterogeneities 
in minor differences in locations and weather caused the 
production function to shift only in parallel manner . How-
ever, in the case of product supply function, as shown in 
Table 10 . 2, the optimum output of each crop at the basic 
value of prices is very large as compared to over- all average 
of yield , or actual farm output level, which is often thought 
to be underestimated . It seems to be quite true that the 
above-average experimental conditions are surely activated, 
and thus caused the supply functions to shift to the right . 
This perhaps resulted in underestimation o f the static sup-
ply elasticities on farms through the base effect . On the 
other hand, failure to specify all relevant short- run input 
items in the production functions might have also caused 
underestimation of them on farms since the more factors are 
included, the more e lastic supply function tends to be . 
Though there may exist some forces to cause overestimation, 
such as failure to measure residual response, it seems to 
be fair to conclude that the static supply elasticity on 
farms is underestimated since the base effect is too large . 
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Table 10 . 2 . Comparison of the optimum yields (Kgs / lOa) at 
all basic values of prices, from each supply 
function in Chapter 6, and over-all average 
yields of respective crops in Korea , 1964-1965, 
Ministry of Agriculture and Forestry, 1966 
Rice Barl ey W. Potato Cotton S . Potato Rape 
Optimum 
Yield(A) 549 . 6 351. 3 2,487.7 222 . 6 2 , 653 . 7 221. 3 
Average 
Y1eld(B) 417 . 5 156.0 813 . 0 79.3 1,101.0 80 . 5 
Ratio 
A/B(%) 131 . 6 225 . 2 306.0 280.5 241 . 0 274 . 8 
However , if we consider our restrained model, where all rele-
vant variables are changing in the same direction and by the 
same proportion, even these supply elasticities shown in 
Cahpter 6 are overestimated . 
An observation should be made in comparing relative 
magnitudes of supply elasticities in Chapter 6 . That is, 
a fixed factor or technology would have different effects 
on different crops . For example , P2o5 and K2o affect potatoes' 
yield more sensitively relative to rice and transplanting 
season of sweet potato and varieties of white potato are very 
well known to affect the yield levels significantly. As a 
consequence of the fact that the experiments have followed 
what the standard text book suggests as far as the fixed 
items or technology specified above are concerned , the degree 
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of shift of each suppl y function to the right, hence the 
base effect , would be different, so t h at the relative supply 
elasticity may not reflect that on farms perfectly . 
D. Corrunent on Long-Run Resource Al l ocation 
Sometimes we are interested in changing the total sup-
p ly of a product under t h e condition of individual product 
price change , for one r eason or another. It is also hypo-
thesized that minor product supply elasticity would be large 
as compared to that of t h e main product, depending on the 
relative price. However, we coul d not provide any evidence 
concerning this hypothesis with our initial model , since 
total supply elasticity is made up of acreage r esponse e las -
ticity and supply elasticity per acreage with respect to the 
product price , whereas our production function is based on 
per unit of l and , hence, does not specify the ef f ect of 
competing or complementing crops . We could succeed in 
deriving the l ong- run production functions in Chapter 9, 
where amount of land becomes a component of independent 
factors. However, a ll products are competitive in use of the 
resources specified . Moreover, the marginal rates of product 
substitution in this particular model, in terms of land use, 
seem to be nearly con stant so that our model has indicated 
inevitably specialization in o ne crop in each production 
period ( s ummer and winter). We could also infer that the 
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model indicates a step supply function something like a 
right a ng l e over a certain range of product price- -nothing 
or all . 
The results shown in Table 9 . 4 do not appear realistic, 
since no farmer wants to follow what it suggests , even apart 
from considerations of income stability and objective func-
tions other than profit . This is simply because on one hand, 
as shown in Table 10.2, the relative magnitude of the optimum 
output level to the actual yield is different among crops , 
so that a widel y shifted crop (base effect) can happen to be 
chosen as a specialized crop, which is possibly unrealistic 
in the practical sense. On the other hand, we still missed 
some other limiting factors, for example, available amount of 
labor over time in our model. In addition, farmers usually 
count, however roughly, the price elasticity of their 
product in their decision making process. Therefore we may 
s ay that we could estimate more a realistic input-output 
relationship when we take into account all relevant re-
strictions in our model. This could possibly be done by 
combining linear programming or quadratic programming pro-
cedure with our initial model . 
E. Application o f the Results 
Now we shall turn to some comments on the application of 
this study on farms. Assuming once again that the farm 
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situations are s imilar to the experimental conditions, and 
there is no uncertainty, with profit maximization motiva-
t ion, the n the results in Chapter 5 or 6 can be directly 
applicabl e to farms as far as they have e nough capital, no 
alternative use of it and the farms are owned, not rented . 
Suppose t hey have to bear a cerlain rate of interest on 
the capital u sed for f ertilizer , or t h ey c an use i~ al-
ternalively for earning inte r esl elsewhere . Then, the 
demand functions shown i n Chapter 5 can no longer secure 
profit maximization , since we have not counte d this addi-
tional cost or opportunity cost lhere . In this situation, 
the demand functions shown in Equations 7 . 8-7 . 12 are 
rathe r suitable for deriving the optimum input l evels . 
Then t h e value of term A is determined to be equal to t he 
rates of interest or opportunity cost , since \ i s defined 
as per unit ne t marginal r eturn to capital, it should be 
equal to the marginal cost of per unit of capital f o r p r ofit 
maximization , and the rates of interest can be viewed , in 
t urn , a s the marginal cost lo , at least, individual farms . 
However, the story i s a litt le bit complicated in ap-
plication of the result s to a r e nted farm. For one thing , 
there are several types of land tenure s ystems . The crop-
s hare system is authorized and t he share rate to tenant farmer 
is fixed by law at two-thirds o f t h e yield , whereas all costs 
except tax on land property are assessed to him cus tomari l y . 
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In this case, an optimum input level for the tenant farm is 
determined by Equation 2.4 where s is . bb6 and r is 1 . 000. 
The important thing is that t h e input l eve l thus determined , 
hence the optimum output , is cerlainly less than that for an 
owned farm . This fact causes inefficiency in pr oduction 
especially in a country where there is a food shortage . It 
is s uggested that an alternative economic institution for 
remedying this inef f iciency is to force r equal to s or cash 
rent system since then input and output levels of tenant 
farms would be precisely equal to those of owned farms . 
On the other hand , rice yield is shared, but barley, 
wheat or white potato as an off-season product in rice paddy 
lan d do entire l y bel ong to the tenant farmer customarily . 
Is this fact likely to create any inefficience in production? 
Certainly it would seem so , since rice production tends to 
be less whereas off-seasonal products to be greater compared 
to what is e xpected , as the relative consumers' preference 
is expressed in prices through the market mechanism . 
Now what occurs if we relax the assumption of no capital 
limitation? The results in Chapter 7 can be directly ap-
p l icable to the owned farm according to the capital position 
or limiled amounl of resource if , and only if, the farmer 
wants to raise the six kinds of crops specified and 
has precisel y 60a of available land . However, he does not 
necessarily hav e to , since he can have more or less land and 
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crops to be produced . First of all in applying the model to 
this kind of farm, the acreage allotment to each crop must 
be predetermined by the other criterion . The acreage f or 
some c rops can be zero . After determining which crops are 
to be grown and how many units of land are to be allotted 
to e ach crop, the farmer ' s task is to determi ne the intensity 
of the variable resources on each crop . To do i t , one way 
is to divide the total available amount of variable resource 
which he wants to economize--capital or physical amoun t of 
resource--by the total units of land available . Then, t h e 
product o f the amount of this resource per unit of land and 
number of crops to be produced becomes precisely C in the 
model in Equation 7 . 3 or X. in Equat i on s 7 . 14-7 . 1 5 , with 
l 
an objective function which contains only the c rops t h e farmer 
wants to produce . The solution of this system f or variable 
resources wi ll give the intensity levels for each c r op , but 
one h as to modify t h e objective function , if he has some 
obligation to bear the rate of i nterest or to shar e t h e 
yield with the landlord , as indicated in the previous 
sections . 
F . Needed Study and Geographi cal Application 
Thus far , our discussion h as been focused mainly on 
achievement of allocative effi c i ency of resource use on 
individual farm l evel so t h at profit, with which farmers 
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are concerned most, be maximized, in a static dimension 
without any consideration about decision making processes 
unde r uncertainty. As indicated earlier, we a l so have 
hesitated to infe r or estimate in this study the nature o f 
aggregate factor demand and product supply functions on the 
national l evel, which could provide some guidance for pub-
lic decision making on resource use. The reason is s i mply 
that we do not have enough relevant data, since the e xperi-
ments on which this study are based cannot be viewed as 
representat i ve of the whole nation . Considering t h e need 
f o r further study, h owever, we want to demonstrate h ow the 
national income could be increased through a study of f er-
tilizer production functions , in other words , by eliminating 
imbalance in allocat ive effi ciency of its u se among agri-
cultur a l regions . That is inferred from data in Table 10 . 1, 
which is not ver y good for this job, however, due to a defect 
o f the e xperimental design which did not allow us to derive 
a mor e s uitable f orm of production function . 1 
The e ffi cien cy criterion of resource use is given in 
Equation 7 . 4 . Each resource on each crop in each regi on 
s h ould be allocat ed so as to yield the same value of ~ on 
every use of it . This value s hould b e equal to the oppor-
t unity cost which could be earned when the resour ce is used 
l See Lee (82 ) . 
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elsewhere. 
Table 10.3 shows the optimal al lotment of three chemi-
cal fertilizers to t he specified regions in rice production, 
which have at least fulfilled the first condition of ef-
ficiency above, and are based on Table 10.1. It is assumed 
that an average 8 Kgs of nitrogen are available per lOa rice 
production, so that the progranuning is how the total amount 
o f nitrogen of 200 KGS (8 Kgs times 25 regions) should be 
allocated to each region so that the least cost combination 
o f three nutrients are secured in each region. It is also 
assumed that all productivity coefficients are significantly 
different from zero, except negative ones , and from each 
other , and negative coefficients are equal to zero since we 
cannot allocate a negative amount of resource . Further it 
is assumed that there are no product price discriminations 
among regions and no transportation cost on resource ship-
ment. 
One thing we can certainly deduce from this table is 
that some differences exist in the optimum input levels 
among locations and the least cost combinations of three 
nutrients are also different from each other , apart from 
how much these figures r e flect reality accurately . This 
is partially due to the sampling process, experimental de-
sign, or algebraic form of the production function. 
On the other hand, the optimum input levels of these 
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Table 10.3 . Optimal allocation of three f erti l izer nu-
trients among locations , estimated optimum 
yields and p r esent y ields , a Kgs per lOa , 
Location 
Bu-Pyung 
Pyung-Taik 
Yo- Ju 
Yang-Pyung 
Non-San 
A- San 
Ye-San 
Su-Chon 
Ik-San 
Jeung-Eup 
Jin- An 
Nam- Won 
Ham- An 
Mil-Yang 
Ham- Yang 
Chi n- Yang 
Kim- Hae 
Chung-Won 
Bo- Eun 
Jang- Sung 
Hwa-Sun 
Yong- Chon 
Kim- Chon 
Chun-Sung 
Myung-Ju 
Totalb 
Average 
at going prices, by Cobb-Douglas production 
functi o n s shown in Table 10.1 
Nitroge n 
12 . 000 
11 . 130 
5 . 93 3 
4 . 849 
7 . 010 
5 . 331 
3 . 803 
6 . 230 
6 . 935 
8 . 182 
10.942 
7.758 
1 0.078 
5.707 
7.277 
7 . 9 47 
10 . 015 
4 . 878 
5 . 113 
14 . 774 
9 . 908 
9.63 1 
12 . 956 
4 . 523 
7 . 076 
200 . 000 
8.000 
.033 
5 . 322 
4 . 415 
1 . 470 
1 . 050 
. 99 3 
1 . 360 
. 583 
5 .930 
3 . 238 
3 . 571 
. 808 
3 . 142 
4. 605 
6 . 516 
6 . 582 
1 . 393 
1.226 
52 . 245 
2 . 090 
6 . 379 
3 . 674 
6 . 769 
6 .562 
5 . 511 
1 . 154 
3 . 700 
3.455 
10 . 100 
. 188 
8 . 827 
2.057 
1 . 869 
5 . 454 
6 . 697 
4 . 809 
1 . 002 
3.999 
3.752 
12.247 
98 . 295 
3 . 9 32 
Es tima ted 
Yield 
487 . 81 
487 . 13 
440.15 
355 . 90 
424 . 93 
420 . 46 
376 . 09 
414 . 56 
364 . 77 
389 . 1 8 
455 . 7 1 
457 . 48 
490 . 60 
443 . 16 
527 . 13 
479 . 63 
437 . 54 
286 . 48 
345 . 57 
494 . 68 
48 5 . 79 
492 . 05 
491 . 77 
299 . 42 
306 . 7 3 
10, 65 4. 72 
Present 
Yi e lda 
447 . 28 
455.68 
433.40 
360 . 90 
424 . 78 
430 . 68 
393.23 
413.91 
371.98 
359 . 39 
427 . 67 
423 . 20 
463 . 83 
456 . 82 
526 . 94 
471. 01 
413 . 48 
296 . 08 
355 . 39 
426 . 72 
442 . 89 
487 . 97 
449 . 97 
307 . 97 
271.42 
10,31 2 . 59 
aExpected y i e ld level , when 8 Kgs o f nitrogen , 6 Kqs of 
P205 and 4 Kgs o f K20 as shown in 10 . l are assumed to 
apply per lOa in all locations. 
blndicating total available amounts of thr ee nutrients to 
be allocated among locations in such a way that to secure the 
l e a st-cos t combination and to bring the equal marginal r eturns 
to capital for each location . 
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nutrients recorrunended by the authorities are, generally 
Nitrogen 
P205 
K
2
o 
8 (Kgs / lOa) 
6 
4 (10 . 1) 
These figures are for rice production nationwide , regardless 
of the specific production condition of a region. These are 
the bases for allocating the nutrients among regions, too . 
The last column in Table 10 . 3 s hows the expected yields when 
these base quanti ties of fertilizer are applied in all re-
gions , as recorrunended by the authorities . Column 5 shows 
the estimated optimum yields obtained by applying the input 
levels specified in columns 2 , 3 and 4 . 
Increase in national income from eliminating inefficiency 
in resource use can come about from two ways . One comes 
from increase in yield, that i s , the ave rage of the esti-
mated optimum output level s increases as much as 3 . 318 per-
c ent compared to the expected yield average. Assuming that 
all rice paddy lands are equally s paced among these 25 
regions, the actual input l evels of fertilizer are those 
specified 10 . 1 above, and the total rice production in 
1964, 3 , 954 , 490 . 9 ton (polished) were the consequence of 
these inputs , then we may project that the potential in-
creases in the production would be 130 , 760.35 ton , if we 
applied the least cos t combination of nutrients to respective 
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regions . This is equivalent to 6 ,53 8 million won. The 
other source of gain in national income originates from 
the saving of fertilizer cost , that is, the average cost 
1 
of the l east- cost combination, 762.216 won (8 Kgs x 73 won 
r 2 . 090 x 42 + 3 . 932 x 23) per lOa is smaller by 165.784, 
o r 82 . 14 percent, as compared to the average cost shown 
in 10 . l, 928 won . The potential gain in national income 
from this source, under the assumptions above , would be 
1,975 million won . Both make up 8,513 million won which is 
equival ent to 2 . 833 percent of GNP produced in the primar y 
industries in 1964 or 1.277 percent of the aggregate GNP . 
This i s an example of how we could increase the national 
income through rationalization of resource use , and the 
analysis was concerned only with rice production . It is 
certain lhat the gain would be much more than that if we 
rearrange the resource use on a ll crops, or at least the 
major crops , in all regions. Hence , we would urgently sug-
gest , first of al l, revision of the experimental design so 
as Lo be suitable for deriving more appropriate forms of 
production functions , and continuance of the experimentations 
1
The official price of nitrogen was 73 won/Kg at that 
time , on which all es~imalions are based, in this section . 
It is now 63 won so that the least-cost nutrient combination 
is certainly changed in such a way t hat i~ contains more 
nitrogen , and l ess P
2
o
5 
and K
2
o. 
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over a number of times and regions which are scientifically 
sampled at l east in terms of major crop production . Other-
wise, the data gained may not be useful, and the experiment 
may result only in waste in the scarce research resource , 
at l e ast in the viewpoint of resource management economics . 
Actually we wonder what kinds of conclusions the research 
project (ORD) mentioned above in this chapter have gained 
and how much they would contribute to the public decision-
making (resource allocation among regions) which is its main 
purpose , without introducing production economics which 
requires , first of a ll , a suitabl e experimental design . 
It is needless to say that we also need to coll ect weather 
data and soi l tests , too , alon g with carrying on the experi -
me nts , in order to project t h e a llotment of fertilizer for 
coming years . 
It is quite natural that the leas t - cost combi nation 
quantities of three nutrients s hould be the base of fer-
tilizer production , if we could ignore the residual effect 
of them . The value of ~ is 1 . 899 in this particular in-
tensity level and it will become t h e criteria of investment 
for the fertilizer industry . 
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XI . SUMMARY AND CONCLUSIONS 
Fertilization, together with irrigation projects and 
improvements in seed variety and farm practice as land-
substi tuting techniques, has thus far played a very im-
portant role in the process of economic development in 
Korea . Nevertheless, one of the necessary conditions for 
the technique to be adapted full y , the input-output relation-
ship underlying crop production, has not yet been known ex-
actly , at least from the point of view of production eco-
nomics . This study has been undertaken to examine what the 
relationships are in different crop productions, to relate 
those to the market phenomena , and finally to determine the 
optimum input-output leve ls . 
This discuss ion , as a summary report of t his series of 
studies , however , has mainly aimed at the optimal allocation 
patterns of the fertilizer resources, nitrogen and compost , 
among crops with or without various r estrictions and a sso-
ciated elasticities , using the quadratic form of production 
function . The derived individual factor demand and supply 
functions for individual crops are called normative since 
they indicate what input-out put levels would be under a cer-
tain set of assumptions , in order to maximize the profit . 
They are also called static since the time dimension has not 
been taken into account . 
According to the results, there are rather large dif-
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ferences in resource use patterns , which possibly indicates 
that a technology may not play exactly the same impact on 
all crops , regardless of the types of restrictions imposed . 
1~e factor demand elasticities arc far l ess than one at 
uround going prices , despite some differences among crops 
and between factors , which are very consistent with the con-
clusions generally observed . The supply elasticities , re-
gardless of the ki nds of products, are even farther less 
than unity , at around going prices , which is also ver y 
agreeable with the general hypothesis . 
However, the e l asticities presented in this study may dif -
fer from thoseonfarms , depending on the degrees of difference 
between the experiment conditions and those on actual farms , 
between the numbers of short- run factors in the experiment 
and those on farms , between objective functions , and the 
degrees of the residual effect , and the accuracy of the 
form of production function to reflect reality . 
We could find several fundamental economic relation-
ships underlying factor demand which are analogous to those 
in commodity demand , such as the Engel aggregation, Cournot 
aggregation, homogeneity condi tion and symmetry condition. 
In the model constrained by budget amount, the proportional 
chunge in all p r oduct prices does not have any power to af -
f ect the allocation pattern of resource uses, hence supply 
quantity . Thus the model s uggests that there is a possibi l ity 
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for the tendency of agricultural product to remain constant 
over business fluctuation , or of the backward supply , de-
pending on the behaviors of the factor prices and the budget 
amount available . 
It seems to appear that we failed , in a practical sense, 
to allocate land and fertilizer in an aggregate form among 
crops by means of the long-run nature of the production 
functions , from which we could , however, get very useful 
information on the (gross ) marginal rates of fertilizer sub-
stitution for land. These are extremely helpful for re-
source management or future agricultural policy . In fact, 
the pattern of land utilization is affected by a great many 
factors even in a location . Of them , the degree of risk 
aversion , the goal of producers and distribution of family 
labor over time can be counted important items, in addition 
to production possibi l ity and relative prices, in the context 
of our model . 
We are concerned with the problems of resource alloca-
tion within a farm level throughout this study . However , we 
have also demonstrated how the limited aggregate agricul tural 
resources such as fertilizers should be allocated and how 
much the gain in national income would be by achieving the 
allocative efficiency of resource use, or by eliminating in-
e fficiency . It is also suggested that , to enjoy increased 
natio nal income, which may be viewed as the first and last 
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goal of almost all national poli cy at the present stage of 
economic development in Korea , we need research on production 
functions . Further , we have also made clear that the pro-
duction coefficients would differ, depending on many factors . 
However , in the short-run, soil type and weather condi tions 
are of importance . We urge once again the continuance of the 
experiments on the major crops over a number of times and 
locations, and to col l ect weather data and soil tests, so 
that the appropriate production functions can be derived . 
This requires first of all a suitable experimental design so 
that the desired prediction can be made. 
The results of this study may not be as applicable to 
reality as we desired because of changing conditions of 
production or because of limitation of our data . However, 
the author believes thi s study has suggested a numbe r of 
research projects needed for the future , and it has illus-
trated how economic theories can be applied to rationaliza-
tion of resource use and how the country could profit there-
by . Finally, the author hopes this study will be of use or 
will give some guidance to some future research workers, 
both in the areas of normative and positive analysis in 
agricultural production economics . 
1 . 
190 
XII . BIBLIOGRAPHY 
Andersen , Jay c . and Heady, Earl 0 . 
functions and optimum farm plans for 
Iowa Agricultural and Home Economics 
Research Bulletin 537 . 1965 . 
Normative supply 
Northeastern Iowa . 
Experiment Station 
2. Baker , C. B. and Irwin, George D. Estimating pro-
ductivity and financing limits for resources . In 
Baum , E. L., Diesslin, Howard G. and Heady, Earl 0 ., 
editors . Capital and credit needs in a changing ag-
r iculture . Pp . 363- 377 . Iowa State University Press, 
Ames, Iowa . 1961 . 
3 . Barker , Randolph . Supply functions for milk under vary-
ing prices situations . Journal of Farm Economics 43: 
651-658 . 1961 . 
4. Bowlen , Bernard and Heady, Earl 0 . Optimum combinations 
of competitive crops at particular locations . Iowa 
Agricultural Experiment Station Research Bulletin 426 . 
19 55 . 
5 . Brown . W. G. and Overson , M. M. Production functions 
from data over a series of years . Journal of Farm 
Economics 40: 451-457 . 1958 . 
6 . Brown , William G. , Heady , Earl 0 ., Pesek, John T. and 
Stritzel, Joseph A. Production functions , isoquantas, 
isoclines and economic optima in corn fertilization for 
experiments with two and three variable nturients . 
7 • 
Iowa Agricultural Experiment Station Research Bulletin 
441 . 1956 . 
Crornarty , William A. 
machinery and trucks . 
323-331 . 1959 . 
The farm demand for tractors, 
Journal of Farm Economics 41 : 
8 . Dean, Gerald W. and Heady , Earl O. Changes in supply 
functions and supply elasticities in hog production . 
Iowa Agricultural and Horne Economics Experiment Station 
Research Bulle tin 471. 1959. 
9 . Dent, J. B. Optimal ralions for livestock with spe cial 
refe rence to bacon pigs . Journal of Agricultural Eco-
nomics 16 : 68-87 . 1964. 
191 
10 . Doll, John P . , Heady , Earl 0 . and Pesek, John T . 
Fertilizer production functions for corn and oats ; 
including an analysi s of irrigated and residual response . 
I owa Agricultural and Home Economics Experiment Station 
Research Bulletin 463 . 1958 . 
11 . Fel l ows , Irving F. Deve loping and applying production 
functions in farm management . Journal of Farm Eco-
nomics 31: 1058-1064. 1949 . 
12. Fi sher , Walter D. and Schruben, Leonard W. Linear 
programming applied to feed-mixing under different 
price conditions . Journal of Fdrm Economics 35 : 
471 - 483 . 1953 . 
13 . French , B. L . Functional relationships for irrigated 
corn response to nitrogen . Journal of Farm Economics 
38 : 736- 747 . 1956 . 
14 . Frisch , Ragnar . A complete scheme for computing al l 
direct and cross demand elasticities in a model with 
many sectors. Econometrica 27 : 177- 196 . 1959 . 
15 . Fuller , Wayne A. Grafted polynomials as approximating 
f unctions . Unpublished multilithed paper . Department 
of Statistics , Iowa State University, Ames, Iowa . 1964 . 
16 . Gislason, Conrad . The nature of the aggregate supply 
of agricultural products . Journal of Farm Economics 
34 : 83 - 95 . 1952 . 
17 . Griliches , Zvi . The demand for fertilizer : An economic 
interpretation of a technical change . Journal of Farm 
Economics 40 : 591-606 . 1958 . 
18 . Griliches , Zvi . The demand for inputs in agriculture 
and a derived supply e l asticity. Journal of Farm 
Economics 41: 309-322 . 1959 . 
19 . Griliches , Zvi . Distributed lags, disaggregation, and 
regional demand functions for fertilize r . Journal of 
Farm Economics 41: 90-102 . 1959 . 
20 . Griliches , Zvi . 
supply function . 
293 . 1960 . 
Estimates of the aggregate U. S . farm 
Journal of Farm Economics 42: 282 -
192 
21 . Headley, J . c . and Ruttan , V. W. Regional differences 
in the impact of irrigation on farm output . In Smith, 
Stephen c . and Castle , Emery N. , editors . Economics 
and public policy in water resource development. Pp . 
127-149. Iowa State University Press, Ames, Iowa . 1964 . 
22. Heady, Earl o. Agricultural policy under economic 
development . Iowa State University Press, Ames, Iowa. 
1965 . 
23. Heady, Earl O. Basic economic and welfare aspects of 
farm technological advance. Journal of Farm Economics 
31: 293-316 . 1949 . 
24 . Heady, Earl 0 . Economics of agricultural production 
and resource use. Prentice-Hall, Inc., Englewood Cliffs, 
N. J . 1960 . 
25 . Heady, Earl O. The economics of rotations with farm 
and production policy applications . Journal of Farm 
Economics 30: 645-664 . 1948. 
26 . Heady, Earl 0 . Efficiency of the farm firm. American 
Economic Review 54: 97-106. 1964 . 
27 . Heady, Earl o. Farm use of capital in relation to 
technical change and factor price. In Baum , E . L ., 
Diesslin, Howard G. and Heady , Earl 0 ., editors . 
Capital and credit needs in a changing agricul ture . 
Pp . 124-145 . Iowa State University Press , Ames, Iowa . 
1961. 
28 . Heady, Earl O. Marginal rates of substitution between 
technology, land and labor. Journal of Farm Economics 
45: 137-145 . 1963 . 
29. Heady , Earl 0 . Marginal resource productivity and 
imputation of shares for a sample of rented farms . 
Journal of Political Economy 63 : 500-511. 1955 . 
30 . Heady, Earl 0 . Priorities in the adoption of improved 
farm technology . In Iowa State University Center for 
Agricultural and Economic Development . Economic de-
velopment of agriculture. Pp . 155-174 . Iowa State 
University Press , Ames, Iowa. 1966. 
193 
31 . Heady , Earl O. A production function and marginal 
rates of substitution in the utilization of feed 
resources by dairy cows . Journal of Farm Economics 
33 : 485-498 . 1951. 
32 . Heady , Earl O. 
sample o f farms . 
1004 . 1946 . 
Production functions from a random 
Journal of Farm Economics 28 : 989-
33 . Heady , Earl o . Resource productivity and returns on 
160-acre farms in North-Central Iowa . Iowa Agri -
cul tural Experiment Station Research Bul l etin 412 . 
1954. 
34 . Heady, Earl O. Share leases and the inter-product 
all ocation of agricultural resources. Southern 
Economic Journal 18: 362 - 373 . 1952. 
35 . Heady, Earl O. Technical scale relationships and farm 
size policy . Southern Economic Journal 19 : 353-364 . 
1953 . 
36 . Heady, Earl O. Use and estimation of input-output 
relationships or productivity coefficients . Journal 
of Farm Economics 34 : 775-786. 1952. 
37 . Heady, Earl 0 . and Baker , C. B. Resource adjustments 
to equate productivities in agriculture . Southern 
Economic Journal 21: 36-52 . 1954 . 
38 . Heady , Earl 0 ., Balloun , Stanley and Dean , Gerald W. 
Least- cost rations and optimum marketing weights for 
turkeys . Iowa Agricultural Experiment Station Re-
search Bulletin 443. 1956. 
39 . Heady , Earl 0., Bal loun, Stanley, and McAlexander , 
Robert. Least-cost rations and optimum marketing 
weights f or broilers . Iowa Agricultural Experiment 
Station Research Bulletin 442 . 1956. 
40 . Heady, Earl O. and Candler , Wilfred . Linear programming 
methods . Iowa State University Press, Ames , Iowa . 1964 . 
41 . Heady, Earl 0 . , Catron, Damon V., McKee, Dean E . , Ashton , 
Gordon C. and Speer , Vaughn C. New procedures in esti-
mating feed substitution rates and in determining eco-
nomic efficiency in pork production . Iowa Agricultural 
and Home Economics Experiment Station Research Bulletin 
462 . 1958 . 
194 
42. Heady , Earl 0 . and Carter, Harold 0 . Input-output 
models as techniques of analysis for interregional 
competition . Journal o f Farm Economics 41: 978-991. 
1959 . 
43 . Heady , Earl 0 . and Dillon, John L . Agricultural pro-
duction functions. Iowa State University Press , Ames, 
Iowa . 1964 . 
44 . Heady, Earl 0. and Egbert, Alvin C. Regional pro-
gramming of efficient agricultural production patterns . 
Econometrica 32 : 374-386 . 1964 . 
45. Heady , Earl o. and Gilson, J. C. Optimum combinations 
of livestock enterprises and management practices on 
farms including supplementary dairy and poultry enter-
prises . Iowa Agricultural Experiment Station Research 
Bul l eti n 437. 1956. 
46 . Heady, Earl o . and Hall, Harry H. Linear and nonlinear 
spatial models in agricultural competition , land use 
and production potential . LTo be published i n American 
Journal of Agricul tural Economics Vol . 50, ca . 1969] . 
47. Heady, Earl 0. and Hayami , Yujiro. Poultry supply 
functions . Iowa Agricultural and Home Economics Ex-
periment Station Research Bulletin 505 . 1962. 
48 . Heady , Earl O. and Jensen, Harald R. Farm management 
economi cs . Prentice-Hall, Inc ., Englewood Cliffs , 
N. J . 1964 . 
49 . Heady , Earl O. and Jensen, Harald R. The economics 
of rotations and land use . Iowa Agricultural Experi-
ment Station Research Bulletin 383 . 1951 . 
50 . Heady , Earl O. and Olson , Russell O. Substitution 
relationships , r esource requirements and income var-
iability in the utilization of forage crops . Iowa 
Agricultural Experiment Station Research Bulletin 
390 . 195 2 . 
51. Heady , Earl 0 . , Pesek, John T. and Rao , v. Y. Fer-
tilizer production functions from experimental data 
with associated supply and demand relationships . 
Iowa Agricultural and Home Economics Experiment 
Station Research Bulletin 543 . 1966. 
195 
52 . Heady, Earl 0. , Pesek, John T. and McCarthy , W. Owen . 
Production functions and methods of specifying optjmum 
fertilizer use under various uncertainty conditions 
for hay. Iowa Agricultural and Home Economics Experi -
ment Station Research Bulletin 518. 1963. 
53 . Heady, Earl O. and Rao, V. Y. Acreage response and 
production supply functions for soybeans. Iowa Agri -
cultural and Home Economics Experiment Station Re-
search Bulletin 555. 1967 . 
54 . Heady , Earl 0. , Roehrkasse, Glenn P . , Woods, Walter 
and Schoil, J . M. Beef-cattle production functions 
in forage utilization. Iowa Agricultural Experiment 
Station Research Bulletin 517 . 1963. 
55 . Heady , Earl 0., Schnittker, John A., Jacobson, N. L. 
and Bloom, Solomon . Milk production functions , hay/ 
grain substitution rates and economic optima in dairy 
cow rations. Iowa Agricultural Experiment Station 
Research Bulletin 444 . 1956. 
56. Heady , Earl O. and Shaw, Russell . Resource returns and 
productivity coefficients in selected farming areas . 
Journal of Farm Economics 36 : 243-257. 1954 . 
57 . Heady, Earl 0 . and Skold, Melvin . Projections of U. S . 
agricultural capacity and interregional adjustments in 
production and land use with spatial programming models . 
Iowa Agricultural and Home Economics Experiment Station 
Research Bulletin 539 . 1965 . 
58 . Heady, Earl 0 ., Strand , Edwin G. Efficiency within 
America agriculture . Journal of Farm Economics 37 : 
524-537 . 1955. 
59 . Heady, Earl O. and Tweeten, Luther G. Resource demand 
and structure of the agricultural industry. Iowa State 
University Press, Ames, Iowa . 1963. 
60 . Heady , Earl o. and Whittlesey , Norman K. A programming 
analysis of interregional competition and surpl us ca-
pacity of American agriculture . Iowa Agricultural and 
Home Economics Experiment Station Research Bulletin 
538. 1965 . 
196 
61. Heady, Earl 0 . , Woodworth , Roger, Carron, Damon V. and 
Ash ton , Gordon C. New procedures in estimating feed 
substitution rates and i n determining economic e f-
ficiency in pork production . Iowa Agricultural Experi -
men t Station Research Bulletin 409 . 1 954. 
62 . 
63 . 
Heady , Earl o. and Yeh, Martin H. 
demand f unctions for fertilizer . 
nomics 41 : 332-348 . 1959 . 
National and regional 
Journal of Farm Eco-
Henderson, James M. and Quandt , Richard E. 
economic theory , a mathemalical analysis . 
Book Company , New York, N. Y. 1958 . 
Mi c ro-
McGraw-Hill 
64 . Hicks , J . R . Value and capital . Second edition . 
Oxford University Press, London, England . 1965 . 
65 . Hunter, Donald J . Livestock supply functions, a static 
analysis. Unpublished Ph.D. thesis . Library, Iowa State 
University , Ames, Iowa . 1967. 
66 . Jensen , Einar . Determining input-output r e lationships 
in milk production . Journal of Farm Economics 22 : 
249-258 . 1940 . 
67 . Jense n , Einar, Klein, John W. , Rauchenstein, Emil, 
Woodward , T. E. and Smith, Roy H. Input-output re-
lations in milk production . U.S . Department of Agri -
culture Technical Bulletin 8 1 5 . 1942 . 
68 . Johnson, Gale D. The supply function in agricu l ture . 
Ameri can Economic Review 40 : 539-564. 1950 . 
69 . Johnson , Glenn L . The state of agricultural supply 
analysis . Journal of Farm Economics 42: 435-452 . 
1960 . 
70 . Johnson , P . R. Alternative functions for analyzing a 
fertilizer-yield relationship . Journal of Farm Eco-
nomics 35: 519-529. 1953 . 
71 . Johnson, Sherman E . The theory of combi nation of 
e nterprises on individual farms . Journal of Farm 
Economics 15 : 656-667 . 1933 . 
197 
72 . Kae, Bong M. , Lee, Jeung H. and Lee, Jeung I. A study 
on optimum use of fertilizer resource in rape production . 
Institute for Agricultural Resource Utilization, Chinju 
Agricultural College, Korea , Journal 2: 35-47 . 1968 . 
73 . Kaldor, Donald R. and Saupe, William E . Estimates and 
projections of an income-efficient commercial-farm 
industry in the N0rth Central States . Journal of Farm 
Economics 48: 578-596. 1966 . 
74. Kelley , P. L . and Knight , D. A. Short-run e lasticities 
of supply for milk . Journal of Farm Economics 47 : 
93-104 . 1965. 
75 . Kim, Joon B. Problems in Korean agriculture . Seoul 
National University, Suwon, Korea . 1960 . 
76 . Krenz, Ronald D., Heady, Earl 0 . and Baumann , Ross V. 
Profit- maximizing plans and static supply schedules for 
fluid milk in the Des Moines milkshed. Iowa Agricultural 
and Home Economics Experiment Station Research Bulletin 
486. 1960 . 
77 . Ladd, George W. and Easley , Eddie v. An application 
of linear progranuning to the study of supply responses 
in dairying . Iowa Agricultural and Home Economics 
Experiment Station Research Bulletin 467 . 1959 . 
78 . Lee, Jeung H. Relationship of resource use in rice 
production . Chinju Agricultural College , Korea, Re-
search Bulletin 3: 89-103. 1964. 
79 . Lee , Jeung H. Relationship of resource use in barley 
production. Chinju Agricul tural College, Korea, Re-
search Bulletin 4 : 33-44 . 1965. 
80 . Lee , Jeung H. Re lationship of resource use in white 
potato production. Institute for Agricu ltural Resource 
Utilization , Chinju Agricultural Coll ege, Korea, 
Journal l: 31-38 . 1967. 
81. Lee , Jeung H. Relationship of resource use in sweet 
potato production . Chinju Agricultural College , 
Korea , Research Bulletin 5 : 19-28 . 1966 . 
82 . Lee , Jeung H. The least-cost combination of nutrients 
among regions in rice production . Chinju Agricultural 
College , Korea, Research Bulletin 6 : 29-36 . 1967 . 
198 
83 . Lee, Jeung H. and Chung, Chang H. A study on substi -
tution relationship between mixed concentrate and 
sweet potatoes ensilage in pork production . Chinju 
Agricultural College , Korea , Research Bulletin 5: 
29 - 38 . 1966 . 
8 4. Lee, J e ung H. and Kae , Bong M. A study of optimum use 
of f ertilizer resources in cotton production. Institute 
for Agricultural Resource Utilization, Chinju Agri-
cultural College , Korea , Journal 1 : 39-46 . 1967. 
85 . Lee, Pil K. a nd Lee, Jeung H. A study on barl ey crop 
production function and the substitution relationships 
for resource use. Rural Development Institute Review, 
Chonnam Natio nal University, Korea , Journal 3 : 23-53 . 
1965 . 
86 . Loftsgard, Lauel D., Heady, Earl 0 . and Howell, H. B. 
Programming procedures f or farm and home planning under 
vari able price , yield and capital quantities . Iowa 
Agricultural and Home Economics Experiment Station 
R2search Bulletin 487 . 1960 . 
87 . McKee, Dean E. , Heady, Earl O. and Scholl , J . M. 
Optimum allocation of resource between pasture im-
p rovement a nd oth er opportunities on South ern Iowa 
f arms . Iowa Agricultural Experiment Station Research 
Bul letin 435. 1956 . 
88 . Mighe ll, R. L . and Allen, R. H. Supply sch edul es - -
long-time and s h ort-time . J ournal of Farm Economics 
22 : 544-557 . 1940 . 
89 . Pesek, J ohn T. , Heady , Earl o., Doll, John P . and 
Nich o l son , R. P . Production surfaces and economic 
optima for corn yields with respect to stand and 
nitrogen l evels . Iowa Agricultural and Home Eco-
nomics Experiment Station Research Bulletin 472 . 1959. 
90 . Pesek, John T., Heady, Earl 0 . and Venezian, Eduardo . 
Fertilizer production functions in r elation to weather , 
location, soil and crop variabl es . Iowa Agricultural 
and Home Economics Experiment Station Research Bulletin 
554. 1967 . 
91. Peterson , G. A. and Heady , Earl 0 . Application of input-
output analysis to a simple model emphasizing agri-
culture . Iowa Agricultural Experiment Station Research 
Bulletin 427. 1955 . 
199 
92 . Randhawa, Narindar S . and Heady, Earl O. An inter-
r egional prograrruning model for agricultural p l anning 
in India . Journal of Farm Economics 46: 137-149 . 
1964 . 
93 . Samuelson, Paul A. Foundations of economic analysi s . 
Atheneurn , New York , N. Y. 1965. 
94. Schnittker , John A. and Heady , Earl 0 . Appl ication 
of input-output analysis to a regional model stressing 
agricul ture . Iowa Agricultural and Home Economics 
Experiment Station Research Bulletin 454 . 1957. 
95 . Schultz , Theodore W. The economic organization of 
agriculture. McGraw Hill Book Company, Inc., New 
York, N. Y . 1953 . 
96 . Schultz , Theodore W. Production and welfare of agri-
culture . Macmillan Company, Inc., New York, N.Y . 
1950. 
97 . Scitovsk y , Tibor . We lfare and competition . Richard 
D. Irwin, Inc ., Chicago , Illinois . 1951 . 
98 . Spillman , W. T . Application of the law of diminishing 
returns to some fertilizer and feed data . Journal of 
Farm Economics 5: 36-52 . 1923 . 
99 . Spillman , W. T . Law of the diminishing increment in 
the fattening of steers and hogs . Journal of Farm 
Economics 6 : 166-178. 1924 . 
100 . Tintner , Gerhard. Econometrics . John Wile y and 
Sons, Inc. , New York, N. Y. 1952. 
101. Tintner , Gerhard. A note on the derivation of pro-
duction functions from farm records . Econometrica 
12 : 26-34 . 1944 . 
102 . Tintner, Gerhard and Brownlee, 0 . H. 
functions derived from farm r ecords . 
Farm Economics 26 : 566-571 . 1944. 
Production 
Journal of 
103 . Tolley , George . Short-run demand and s upply in the 
hog market . Journa l of Fa rm Economics 32 : 624-643 . 
1950 . 
200 
104 . Tweeten , Luther G. and Heady , Earl o. Short- run 
corn supply and fertilizer demand functions based 
on production functions derived from experimental 
data ; a stati c analysis . Iowa Agricultural and 
Home Economi cs Experime nt Station Research Bulletin 
507 . 1962 . 
105 . Wo l d , He rman. Demand anal ysis . John Wiley and Sons, 
Inc ., New York, N. Y. 1966 . 
201 
XIII. ACKNOWLEDGMENTS 
The author wishes to express profound appreciation to 
Dr . Earl O. Heady for the inspiration, guidance and en-
couragement which Dr . Heady has gjven throughout t h e several 
phases of this research project . During the time when the 
author was engaged in research in Korea, and again when he 
was attending Iowa State University and preparing this 
thesis, Dr . Heady was untiring in his assistance . The 
author is grateful for financial assistance for computer 
progranuning, arranged for by Dr . Heady. 
The author is grateful to lhe Agricultural Development 
Council, Incorporated , for providing a fellowship, and to 
Dr . A. 8 . Lewis, formerly Associate in Agricultural Eco-
nomics , and to Dr . Heady for arranging for the fellowship . 
A number of colleagues in the Department of Economics 
contributed assistance and encouragement while this project 
was underway, and the author is appreciative of these acts 
of kindness and friendship . 
